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"<3 T"^Hflo] TljolH #^M- ^ S-i H^^l^Ei-i- g ZL 7HS^* 0 1 ^l^^Cf. 

7l ##-¥-1- i^rRr ^-71 TflojE TllolH ^lol^S. 1^^. #7) 

A <M ti>H^l7l^ *fll 7-1 ^S. ^«^o] ^^l^Jl, ^-7) r^M^ ^>«-^ 

A o V 7l tiV£^7l^^ K^_o\] ^7] 7^i£ <^^iLCf *fl2 7^5. ^^o] 

^^1*1^. SE*h #7l 711 olH ^H*!^ ^^Hl <?l^tb ^"71 ti>£^l7l^ JL^-S. 

^I^IW. ^71 T'^Bfl^ TllolS ^£ ^nVO. ^11 cfn>Al ^ .g- 

^-§-*}^ ^1 ^71 TlHH. sflU^: ^^*>J1 ^-71 71HH n& 

^} m °l-gr« ^ ^H^i, ^-71 711 ols aim -8: 1*13 *H #7) lr^# 

°l£r!-3- SH^Tll Tll^lH ^W^. °H1 ^"71 TllolH 3fl€ 

€:7-fl*Hr ol^<y £#ol TflTl^t}-. ZL ^uzf, ^-71 1-^^ TflT^Rr 4V7I 71HH 

£ 8 



85-4 



1020020062009 2003/9/19 

<%i=] ^EflS] 711 °1H ^^Mr ^ 2.^ zi ^la« o ^-i-{M0S transistors 

having a reverse T-shaped gate electrode and fabrication methods thereof} 

£ 1, S. 2, 2E 3a ^ S. 3b^ #efl7l#^ of s. H^^l^B^ ^S« 0 V ^# ii^*r7l 

£ 9^ *fl2 H^^l^Ell- -£^ r 7l ^iolcf. 

£ 10^ ^"^^ ^13 ^ 5.^ H€*l^# ^S}7] ^ ^^©l i}. 

£ 11 tfl^l £ 20 £ 8 oil E^fl^l^E^ ^ S « o Vi^^. ^^^>7l ^tr 

£ 21a, £ 21b, £ 21c ^ £ 22 £ 24^ £ 9^1 ^.^^1 s.^ B^^l^E^ *1]2: 

£ 25 tfl^l £ 29^ 10 oil iL 0 ^ S.^ H^^liEi^ ^^wj-^^- ^^^>7l ^tr ^ 
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1020020062009 ^7}: 2003/9/19 

<9> a. ^ °- uv^^.g. ^ ^ ^l^« 0 l-^#oll 2J-*V ^o.^., ^-§1 p'^Eflo] ^ o]e ^ 

5Hr S-^ H^^l^Ei* ^ ZL ^lS^^l-^ 

71 H^^lr^Eil;^ ^-^^ JL^K short channel effect)^ 7l*l*Kr 7fl*1S>7l 

^16,245,619 Bl°fl "Disposable-spacer damascene-gate process for sub 0.05 im M0S 
devices"^ &o]^_ -§-(boyd et al.Hl £}*fl 7}^x\*)jl ^cf. 

<n> 5E. 1, 5E 2 ^ H 3aTr #7] ^-^^ ^16,245,619 BH 7lM^ H^H^l^E^ 

<12> £ i-g. ^-s*>^, oV£^l7l^-(l) -tfofl aflJE. ^51-^(3) ^ ^JEl ^3H-(5)-& tg^ 

-S-71 ^11= ^^-^-(3)^: 80A tfl^l 200A^ -^13. ^tr^r. #7] sfljEL ^3^(5) ^ sfl 
— ^>5}-^-(3)^- <3^3-°5. ^E^*}^ #7) aV£^l 71^(1)51 ^<^^# i^#A]7l^ TflolH 
*(7)# i^tr^f. 

<13> IE 21- , ^-71 ic#^ alJE^l^ #ofl TflolH ^>5r^-(9)* ^tr^. #71 Tfl 

°1H ^5^(9)£: 30 A =L °)*}°] <£-£r ^v\]S. ^W=r. #7) 7])o}^ ^Vs^O) ^ 
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1020020062009 #3 H*}: 2003/9/19 

£ 3a* ^7] sflJEl ^5^(5)* ^7)v±t±. ^o\], ^7} sflS. ^SH-(5)°1 *fl 

7^ ti>S.^l7l^ l^sM^ 7floiB(ll)sl ^^■^•(13)* 

4. ^71 1^^(13)* SV£^|7)^ ^^^-a- ^-71 ^^B^-i- 

^4*H #7l 7fl°]H(ll)3 &q tfofl i*f|°H(15)l- ^^Vcf. # 7 j #t£|^e) 

€■ TflolH(ll) ^ -S-71 i*|°H(15)* o]^<a D^aS A>-g-§><^ ^-71 71^(1)^ a 

^1 °1 ^«3*H ^^/=efl^l ^(17)^8: *g^W. <^H^, #7l ^ 

*M<*1 (15)« *J^3-2-S. ^]7l*V Cf^-, ^-71 7j)olE(n) t o]^o] D}i3S Af-g- 

*H #7} «V£^7l^(l) iflofl ol-£S-g- ^<y^Cf. ZL ^jzf, ^7l #2)^5]^ TflojH 

(11)5] ol^*V a} £ ^7l^(i)^ K t£6\) 7i^£ i^i/H.efl<?l °§<*|(19)* $-S€i=h 

<#7] z\*5. ±SL^/ELi]}<£ <3<*(19)^ z]°l(L)fe ^7] ^°]*\(15)$ #(WH1 

4. ^71 i^.i/£Lefl<y <3*](19)o) ^o)( L )# ^Al7l7l ^"71 isfl 

«H(15)^ ^(W)-i- #4^l7lfe iL^i}. ne^, ^E]A>oic (salicide; self-aligned 
silicide) 7)^ ^-§-<5>7l ^*lH^r, ^-71 ^o]a-1(15)7> ^30.5. ^7fl*H^> ^tf. 

^1°1B ^ ^^i/=efl^l A>olofl «.^^7> ^^s]^ ^l^}7l ^ 

*M^r, ^"71 ^3flo]A^(15)^ ^(W)# ^71-Al^o) *M}. o) ^-f-ofl, ^"71 7-1^-5! di^/JEL^ 
Si ^(19)^ #7l*j°l 7^J-ol ^7>*H -E— B^l^El^ ^ ^(on-current)!- 

^f. ^7l ^e^o] t= 7l ^o. Af^-sfoc] S.^ S^^l^El7> £ 3b<*fl H^Cr. 

3b« #3^3, £ 3a<Hl 2i^*! #7l ^2)H^(i5)s. ^^*>7l ^- 7 i l-e^ej 

7llolB(ll)» ^l^oj Aj-g-^H #7] «1-JE^1 71^(1)^1 ol^s.^- 

71 ^i/=efl<y cgcd(19)o] ^^^Cf. ol^A^, ^-71 7l]olB(ll)^ ^ ^Hl ^7} + 
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1920020062009 #^ <Qx\: 2003/9/19 

*0°HU5)* #7] TflolB(ll) ^ #7] +n°]*\(15)m °l^°j o>^3.S ^>-g-*>^ 

#7l aV£^7l^r(l)oll 1-^1- °l^r#^- ^SJ*H #71 ZL^.£ ^.SLi/JELeflol ^^(17)^- 
$±r%. #7} TflolH(ll)^ £ #71 Jl^H ^i/^eflo] °J<*(17) #-^^ #°fl -f-#<a] 

^e|A>o]c 71^ A>-g-^>ol ^ ^sl^>ol = ^l-(21a, 21b)* *g#tB}. 
<17> £ 3b^l ^efl 7 l^ofl ttJ-STg, ^-7) /^S. ^^.^/= Eflo] oj<^( 19 ) o_ H^fl^l 

^fil 7ti^}7l ^ (shallow junction depth)* 

£]olo> eVcf. ol ^-fofl, ^"71 ^ ^5lA>ol = n^(21 b ) ^- 7l ^£^71^(1) A>ol^ 
^ ^R3°l «*|*| *^ ^ 5^. 

Ai, ^h.^ »a" g| »b"°fl ^sfl 5tA]^ ^-^1-^ zj-zj- <?flS.i(NM0S) H^l^Bl oj<* ^ ^S. 
^(PMOS) B^^I^e-1 ^<*# q-Bf^cl-. 
<19> £ 41- ^-2:^, ^VS.^1 71^(31) #°fl 3flH ^bV(33) ^ ^^(35)* *>3fl5. 

^#^. A oM sflJEL ^3^(35) * aflJEL ^2^(33)* sflEi^^H #71 ^S.^ HSH^l^E-1 oj 
<3(a) ^ H^l^Ei oJ^Cb) tflofl yj^yj- ^ t^Mb 3})eH ZL^-a.l:(37n, 37p)* 

#7) *fll 31 7fl2 TflolH n.^-^(37n, 37p)^r #7l 71^(31)^ 

< 20 > £ 5# ^-2:^, #71 ^£^171^(31)^1 #ofl TflolH ^>sl-^-(39)# 

A. #71 TflolH #3^(39) ^ *K£*ll 71^21 ^ #ofl 9i£-fHB l-Bl^el^* ^ 

#7l ^ = ^^(35)^1 #^-^ol ^f^nfl^l #71 ^£-f£B #Sl^Sl€-s)--a- 
^17H #7l Till ^ ^112 TflolH sfl^ ZL^-i-(37n, 37p) ifl<*l) AA A\ % A2 9i5L-fBH Tfl 
°1S 3fl€-l-(41n ( 41p)-§- ^t^. °\°\*\, #7l 3)2.^ H^fl^liEl oJ^( b ) ^ iSe fl^^ 
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B 3fl€(43)# ^tb^f. #7] iSefl^liH sim(43),§- °l£r^ ^3.5. Al~§-*H , #7l 
1 ^l£^EB 711 o]e sfl^(41n) iJW N*g °1 -£-!:( 45 )-§- ^ 5>40 15 atoms/cuf^l £ 

^ 15KeV^ oflui^S. ^tr^K #7) ol^-s-^- ^ ^V£(high 

diffusivity)* °1 ^l^r-i-tl ?H w^2i^>cf. ^-71 *fll TlHB. afl^ 

(41n)*- -g-^rTfl £^Al7l7l ^^-olrf. ol T^ofl , # 7 ] o^o-he ^o}^ afl^(41n) 
^ ^f^ilS^-Ei ^ 200A^ ^a}«^ (project ion range; RpH Sfl^Hr «. 

(41n)^ ^-«-Tg^^.«-Ei zl ?A£\ ^ 500A^ Sol^l ^-Str^f. # 7 ] o] oj,g--i-ol eg 

£ 6^8: ^-S^f ^ , ^71 ISell^iH 3H^i(43)^- ^Tltrcf. ^°fl , BflH. ^s)-^- 

(35)-§: *ll7l*H >g-7l ^1 ^ *I12 TflolH s}im-(41n ( 41p)^ i^A^cf. o^H, 

^-71 211^^51-^(35)^- -g-°«# A>-g-*H ^7l*rCl-. o]nfl ( Aj-y] ^ o] e sflHUln) ^ 

^ ^-g-^, ^el^ <£<^) atr ^Tfl ^Tl^cf. #7l TflolH sfliU 

(41n)Jicf ^ *fll TllolB ^(a first deformed gate pattern)^ ^^t}. ^3 

A o v 7l *fll £<g^ tIMH "ys-f-H ^el^^^^o.^. ol oicf. 

*1 I^IH, ^"71 *fll 7l)olB 3fl^(41n) tflofl ^71 91 o}£-^ ^^^^ ^ ^oje 

4^(41n)# ^-^^>7fl £^Al 7 l7l7> ^^Cf. tr^S, ^12 TlMB. sfl^Ulp)^ <*]*1*1 3L 

71^1 ^-Ol* ^-XltrCf. 

Tll^lH, Af-g-^H ^71 oflS.^ B^l^i <3^(a) ^ 3X)S.i H^li 

^ ^^(b) vfl^ z|z]- N ^ 7-1 ^£ ^^(45) ^ 7-1 ^£ <^^(47)# 
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4^-°fl, #7j *fll Tflol^ aji^^ ^ g ^-7] ^2 TflolB 3fl^(41p)^ ^ 

A cMl ^ *m i2flol^(49n) ^ *fl2 i3fHol^(49 p )i- ^^^Vcf. <# 7 ] 7)1 1 TlMB sfl 

€ ^ #7l *fll >i5flolAl(49 n )^- ol-^^og A>-g-^H #7l 4£i B^^l^Ei ^(a) 

ifl^ *V£*fl7l^ofl v}± ol^-s.^. 1>10 15 tfl^ 5>10 15 atoms/cnf^ fe£ ^*}<*) N*§ 

^(51)* 

#7l tili ol^-i-^ o] ol-^s-o]] #^3 AS ^ SK^-fr SHr*}. ^^M, # 

^#*Rr Cfl ^ Al-g-^Cf. oltifl ( #7] ^1 TflojE 4^ ^ofl^ ^.7] ol^-s-ol 

^^^cf. #7l <as.^ B^l^Ei <^^( a ) xfl^l TflolB *l^-(41n'H 

. ^H", #71 Q )^^r ##tt ^o] o] ol^-s-ofl y]^H #£fl3AS ty&IE 

«- 7H£i, #7] afll TllolE Bfl^^. ^-7] Hl^oj^-i-S. X\ ?} 7} 7} o] 

^T, #7] *fll £*§^ 7^1 olH 2fl€^ ^B^M ^"71 Wl^ol^-S.^. 3]-^-Al 71 71 7|- 

•^t}. #7l TlMH ^^ln')^ JE-f^g -g^Ml ^*}7l ^3lH 

tt, #71 til^ ol^-s-o] ^<y^ «KE3l7l^ Jl-^H #A]7i -^o> ^^51^7114 #7l >fll ^ 

*fl2 ^H-^-SH TlMH sfl^»(41n, 41p)^l ^1» #^1 7)^ A^cf. ZL&m, ^-7] 

-H£r°lH ^-Al7_V ^-°> ^fl^, #71 JL^SL #^1- ^^(51)^1 ^^-a°l 

7> ^7^1-^ ofls.^ jeqflxl^Eiol ^0} 

Hith #71 *fl2 ti£4-HH Tfl^lH 2flH(41 P )^ ^17> M^- g^o.^, js:^g-;*joflA| §-^1 
IH^*}. ^, #7l ^12 'iiS.'T"— S TflolB 4^i(41p) ^ #71 ^2 i2ll°H(49p)!- 0^ 
^l-g-*H , #7l sjs.^ H^fl^l^Ei 
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^(b) iflSJ «V£^7l^o)l -g-dt: ^l^rl-* 1>40 15 5*L0 15 atoms/cnf^ £^il 

JL^g-SL ^(53)* ^^thcf. o]nfl, ^ 2 ^-fH-B ?1MB sfl^Ulp) ^°\}5L 

^SL-fHH TllolE 3fl^(41p) ^ ^"71 TflolB ^^"(39) *\o)°) 7^-&- Jl aVSL^ 

71^(31)^1 ^Kr*}^ 5Hr4. n^^, #7l *fl2 <?l£-fHH TflolB 4^i(41p)^ ^^1 

7> ^O.^, ^>7l TflolH ^(41p')Sl ^ cgo^c} ^£7> ^ 5^. 

£ 7# ^-2:^>^, -f-^Sl ^&1^>ol = (salicide; self-aligned silicide) 7]^^- A>-g-3r 
°i -^71 Tll^lH ^(41n'), ^7] P^ TflolS ^^-(41p'), ^7} N ^ 

(51) ^ #7) P^ J1^5L 1-^1- <3<3(53) <tf°fl aJeh^ ^ ^^Afo]jE.^(55)# ^ trCf 

*l^(41n') xflsj ^-71 TflolH ^^-(41n') ^ H ^- 7 ] ^ 

ol = 5V(55) ^>o]^ Tfl^H^ £-f#H *HKdopant segregation effectHl ^^fl ^SfTfl 
Jl^:(depeletion)€ ^ £14. °l^r, #7l TflolH ^Uln'H #7l P^ ?\}°]^ ^ 
(41p')it4 gM olofl nj-ej., 4> 7 i N ^ 711 o]h ^(41n') ifl<*fl Jl^^ 

(impurity depletion region; 57H <ffla.^ H^^l^B]^ *}<y- !-<^^ r 

711 ^^r. ^1, ^"71 1-^1- -H^<*i(57)°l #7l TflolH ^^-(39)^1 °}33r ^H*H1 ^ 
^Itt <#7] <aS.i E^^^Bjcq m^o. ^ 7 ^1 7^>^cf. 

^#tr ^-o] ^eflS] 71^1- ofl r4-a^ t >g^A>o]c 7 1^^ ^-§-*l- 7 l 7} o^-g- ^nj- 

°VM5f 91^ -S-^ H^^liHi^ ^l^*f 7 l 7 > o^^cf . 
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<27> ^x$o] ol=ji^ ^ 71^3 ±SL + /EL$)91 ^7l^ T^J-g; 

<28> ^o] oj^ji^ *}i=. cf-g. 71^^ a^fe *!e)A}oli= 71 ^-g-S>7H] ^ W 2- 

<29> g-tgo] o]s.J1A> <5>^- BE 71^3 4^1^ #*fl^ JL^# 7fl^^7)^l ^> 

711 olH £ dL$.i/J=Bfl°l oJ<^ s.^ Bsa^l^E-1 ^ ZL afla^^ o. *fl^-*Hr c-fl 

Si*}. 

<30> ^-tgol ol=.Jl^> 2£ CfS. 7l^^ -2M1tt Til olH ^i^-ol ^713 oj-g}.^ 

TIM- #E]^ ^S}^ 3^ wj-^1^- ^ oi^ ^^(complementary) 5L^ B^^l^E^-i-^ 

<31> Aj- 7 ] 7 )^ oia-71 Cfn>Al Tfl o] ^ 2.^ H^*l 

^ * ZL ^ll^t afl^l}. 
<32> -S- oj o^dl 4^, ^"71 H^^liE^ ^£.3171^ ^Hl ^€ T"$ 

EflSl tIHh ^^-(reverse T-shaped gate electrode)-!: ^wl^}. -#7] T"^tfl^| TlHH 

SPMr^ £.3.^ ^« 0 >^# ##-^(protrusion)l- ^rf. # 

71 "<*! r^Hflo^ 711 olH 711 olH :£*IM*H iH^. ##^f <5pf-°l 

A oM tiV£^7l^ &#o\] ^-§- <^-^ol iflal^tj-. Aj-7l 711 olH 

^71 ti>£^l7l^ sigofl *fl 2 7-1 ^51 o|<^ol ^l^ltbrf. ^1-71 ^12 7-1 cgo4 



85-12 



1020020062009 #^ Qx}: 2003/9/19 

£r #71 X\&5L lr^# <3*H ol^^ZL ^-71 ^1 <^2±t}- 34. Tfl 

olB ^SlH^o] 2]^o\) ol^tlr aV5.^7l^ &r$o\] J7^£ eg <*] o] ^*1^:4. 

^"71 *fll ^-71 XI 2 ^ ^ ^-71 ZL^JE ojo^o. 4i 

^.i/^efl<?l ^#W. 

^"71 TflolB ^ ^ 7^£. ^OEjo} #«-^ ^ ^l-o- OjAVs)-^ 

(curing thermal oxide layerHl o^ ^ 01^ 0 ] ^-°-ofl ) .#7) tIHH. # 

71 l^T^ #ofl o^^^cf. ojoll ^-7] ^ o|AV5).n^ ^ ^- 7 ] ^ojE 

A oM ^^tV H^sj-oj, 0.0^ ^ A> ^i HS. 34 oj (negative sloped 

profile) S^r 3*r*l HS.^ (positive sloped profile)* 3Hrt}. #7l -g-o) 

^7l <#o} ^A>^1 Hig-Sj-Oj o_ AJ-7] =-#JjLcq ^-tL^ol SH^iLl} ^ 3* 

tr<=f. 

#71 TflolE ^q-o} ^-w.^ ^ #71 H^JE ^^o] o. ^ ^^Aj-o)cnl- 

oll o^ ^ o}^ 

H^l^Ei-i-ol ol S.^ B^l^Ei-I-^r ojls.^ H^fl^l^Bl oj 

^ ^ HSH^l^El ojo^ g.- lilVE^l^ i#?Vc}. #7l oflS.^ S^XjiEi ojctf 

^ 3)2.^ H^B^l^ ojo^ vflofl ^ XH ^ ^2 ##<3^#o] ^€4. #71 %#<3°3 
^ ^^^^ #ofl »<* T ..^ E flo 1 n«| ^(reverse T-shaped N-type gate electrode)^ 

H fl^lS4. °1^1- ^l-^Vxis., # 7 ] x]2 ##°J«^ d^^^°4 #°ll 
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T%A^\ ?% 41 °1M tifl^j^cf. ^7} m 41 °1B ^ ?J ^-71 4] o]e £^gr 

zj-zj- ZL#^ Xll ^ XI 2 A^A. ^7} m 4MH 

^ ^"71 4HB AA A\ % 4|2 4MB iSflolA^ofl 2} Sfl g^^lcf. 

^-71 XI 1 *>^-^ #7l W>£Xl7l^ JE^ofl 4|1 ^<*o] ifl^Cf. 

5Eth #71 4U ^o]^ sH^Sj ^. 7 ] w>s.Xl7l^:^ a^ofl 412 <3 ^ °1 ^ 

^11^. ^7] XI 2 7-^SL <^^^ ^- 7 ) xl 1 A^ ^41 ^ 

7] Xll tA^S-S. #^1- iiq- T^cf. XI 1 ^XH A i^l Si]^^ ofl ^l^tb ^"71 aViXl7l^:^ 
m 3.^-5- 1-^1" ^lW. ^sf^^S., ^71 XI 2 A^S. ^^^r 

#7] Xll 7-1 <£*j * $7} JL^E ^ ^ A*} 6 *} n^&A. £*K # 

7l XI 2 41 4 H i^HA^ <^t«ofl ol^*V a o v 7 ] tiV £ xl7l^^ X^4l P^ JI^E 

<37> ^7] Xll ^ 412 ##^-#^1 ^^1-^ HS.^, ^A>^1 <£ 

51 TjA}*] c^7lA^ Aj- 7 ) ^ ^A>^1 ^ ^LS. 

%o] ZL7j{2\ A^^^A W£? ^H^l-JL, ^"71 7JA>^1 £1^A ^7] 

A^^°] =l^A A¥-^$LA 3* 

<38> ^-7] xl2 S}-^ ^-71 «]r£Xl 71^51 &^ ^ ^7l X12 ^1°^ ^>«-^) Aj-7] tiV 

£4171^ X^4l 2\2\ Xll ^ 412 P^ A^S. <^°1 o^]^- - o|cf. a^H, Aj-7l 

412 A ^£ ^^^r #7] Xll P^g T^JE ^-£-§- cg-^ JiCf Qjl #7] Xll P^ 7-1^ 

5- ^^<H1 <y^W. rc)-^, ^7] x)2 P^ 7^£ ^# <3<*j^ Aj- 7 ] xll P^ 7^£ 

1-^1- % A7] P^ Jl^i A>olo)l 7fl4l^4. ol^Hr ^-Sl, ^"71 XU ^ Xl 

2 P^ 7-l^£ cflAlo,! Aj-7) J7^.£ Cg<^^ 1-el^ N 
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^ ^^(N-type pocket impurity regional tifl*l^§ ^s. $X^. -#7) * 

<3°^ ^"71 ^12 *}-^ #7l tiV£^7l^ o|#^ ^ ojcf. 

£^7l^r #<*fl 3H^(buffer layer) ^ -§-^ ^(molding layer)^- *Hl5. *i^Kr ^ 2.^ 
^71 5J #7l ^Bj-g. ^f-*Kf TflolH 711 o)B 

#*Hr TflolB 3^ ZL^--^- ifl<*|) Tfloje sfl^ ^tr4. °H1 ^ , TlM^ 
T'^Efll- 5>-c|. tj-Al ^tflAi, #71 r^Efl^ TflolH afligo. # 7 ] ^ ^fl-f^r 

^^H, ^"71 ^ SH^Kg- ^]7ltrCf. ZL #7l * #7l 

##-¥-^r Sl^tr ^-7] ti>£^7l^ AVoj^l c^ r7 } ^#^^lcf (seated). #7) TflojE o] 

n}^£lJl A>-g-^ #71 ^^71^1 ol^-s-o. ^og^vcf. ojnfl, # 7 ] o]^^ 

°im^l« 3*3*1 S^^M A oM ol^-s.^ #7] s.^*L ^j=LO] 

A o v 7l aV£^l7l^l ^^trCr. olofl t^e}-, # 7 1 ^^7]^ *fll 

7i ^# <^°1 ^^^Jl, #7] #«H1 <^l^tV #71 HV£^1 71^21 A]2 

7i^i ^^ol ^^slrf. #71 ^2 7-1 ^£ oj« a. #7l *fll oj°4 

3711 ^Aj^cf. #7l TflolH j^o] ^tH #ofl 71) olH ^HAH- ^^tbcj-. #71 T^B 
2fl^ ^ A oM TllolH ^5flol^l- ol-2-^oj p^^s A>-g-^o^ #7l tiV£^7l^:o11 c>l^- 
^"71 TllolH ^olA^ <2^v*cHl ol^^V #71 ^71^51 S^<^1 Jl^£ # 
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<40> # 7 ] cy c ^ <$q*. if-^ #71 7)1 o]h aflfi ^*Kr 3£r ^"71 

BflEl^sH ^-#^-21 ri^^* 2r.#A]7l^ «>)1«1 7)1 olE s))^ ZL^ti.# ^^S>fe ^4, 

#7l #71 «V£^7l^:2l ^cgo^ ^a) ^ ^AHl # 7 J 

^ofl <£ V ]% cg^^. ^-t- 3E.^th}. —L ^ T^"^l 7)1 olH Zl^-ti. 

7> ^^^Cf. 

<4i> o)rcfl ( #71 <£d)^ eg ^51 ^ ^ ^.spa (vert i cal profile) SEfe -§-<>) ^a>^ 

^4°^* ^H^r ^"71 #^S) ^Hl X45f ^"71 ^#^1- iflofl ^£)^ <£d)^ 

^M*T ^ SL^r <#2) ^A>^1 ^.S^-i- 7M ^ ^Cf. A o V 7l ^^2) ^] 

7} #rfl3 ^^S, ^7l ^-W 0 >^ #2^ A}-g-S)^ AlZl-g-oBo) ^ «^O.S ^ ^ ^> Jl 

HI ^71 #^ =L *>«-ofl Hl«fl^ ^Z^-g-oBofl ^#£)^ X\7^o] #cfl^ $7) ttfl 

<£tf% *j<5^ ^-fil ^A>^1 HS-Bl-^-i- SHr^. ^l^cfl, #71 ^SVo) 300 ^ 
*1 500 A ^£21 ^7)1^ ^5)^ #71 <£tf% <^^o] ^tf^. o^o) 

7>^Cf. ^^i^-, #71 7)1 o)E 2flH^ ^"71 cHDl^ ^-8: *fl-Hr ##^« ^ "<3 T" ^ 
Efl« ^^jSlJl, ^"71 ##-^-51 -g-2l ^A>^1 HS^^I" 3HrtK 

<42> u}^ ot 300 A o]t}S, ^^£)^ ( #7) ^C)^ <^^2) HS^^t 

^Cf. ^3 A o V 7l TflolH ^>7l ^fl-f^r £"tt T"^ 

« ^^51^, ^"71 ##^-21 =^31 *V ^ SsLS^* ^tf. ol^ 

A oM l-^^ol Dfl^- o^Tfl ^^5)^, i^itl) 100 A ^l^S. ^AjS)^, #71 7)HH 

A}-g-<5H #71 a>£^l 7l^rofl ol^-s.^- ^<a^-nfl ol^ojoll ^ ^# 

°] ^"71 l-#-^2l #^- ofl^o)! 7Hfl^lc)-. ZL ^3f, /il^g ^ -^o)lAi #Jf^ o))^l 
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A ^ A\7\^o\ #7l «-#^ ^a>^1 ££4°^t ^, #7l # 

#7l TflolH Sfl^d H^-W.* $^*Kr H o^£r #7l #ofl ?fl^^ 3^*Rr 

* *g^th=k #7l <3^o} Aj-ofl E^j*] ^lolA^- ^^t}. ^71 % % 

7] H^l^l ^M^*. ^2]- AV-g-^>^ ^V 7 1 ^z^H #7l #<§^ 4l^<^ 

^ oflul TflojE *IHei ZL^-wi- ^#tVtf. o)o]) n^-ef, # 7 1 oflw] tIHh zz. 

^J±^ #7l H3!*l ^Sflol^^ S.^. S^^SM) 2)i ^ ^ 

^ ^€ *r 5^. °1<>H, #7l ^^HM #71 71^ ^ 

^^-i: ^#*1^ -§-AH Aj. 7l <£^oV ^ofl cHc^ cg^ o- ^Aj^cf. ZL »<Sj T ^"^ 7fl 

3# i^-W. #71 7fl^ ^ #71 #^-g- <£4=.2\°.3. ^Z^*H #71 7fl^ 

2? #7l iflofl H€*l <3^# ^#W. olnfl, Aj-71 #71 #^^S1 ^Ji 

4 ^ ^1^ Alz|s]i- «>^W. °H #71 <3<*M ^fl£, 

#71 <^^1 #71 §^n|o^ ^ w.«.o]l o}*fl goj^ fltK Aj- 7 1 H^l <3 # ^ 

«V£^l7l^;^ ^ Aj-ofl ^-7] #7l ^H^l 

#71 #^^-a- #71 tg^s) ^y* #ofl H^l^l i3|lolA|* ^Aj^ ^ 

^hi #7i ^<g^-a- ^#^i7i^ ^ui Tii oib sfl € =L^*±m OH, #7l 

B€^l ^2|HAi7l- ^1^^] #71 H^^l <^£l W>rt-ofl #tgnVol Aj- 7 1 i^fr^ 

#^nVo^ -^1^ ^7lf}- «>fil- ^-Ol ZL^Sl ^71-^-711 W_cf ^ ttJ-Ej-A^ , Aj- 7 J #^^-^1 
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^°Jt #7l a}£^7l^;Oll 7>«fl^l^ *}*}-£## ^ 0^. O^A-l, # 7 1 ^ 

#^M- ^U"# ^4*H #7l «V£*ll 7)^ ^ ^#^1^4 #71 *-)H 

olc^ ^^j* ^ ^4 T^"^ TIME ^JjLjH sfl^ol ^#^Cj-. 

<45> Hlth S^^" W ^^^^-i: #71 c^lHl TflolH ZL^-W. 3fl^^- ^#*> ^ ^ 

Al^TiM-, 31^ #71 #^^1 tfltr ^-«J-# ^z}vg- tb ^ ^1«" ^ 91*1. 

<46> olofl C-l^H, M^ofl Ufa H^7lA E ^ #7l ^ #71 ^ 

^Sr *}7]-5}7} ^ofl #7l TllolH 2)1^ ^<^1 ^1^** ^ 3 4 , #7l 0^-015} 

TflolB 3fl^^- <M*1E^H #7l TflolH Sfl^i* #7l ^# ol^r-l-S 5«J*r>fl ^ ^ ^ 

#7l TllolH 54)^ i^Sl ol^cy ^^( ion implantation damage)^: ^l-lWb 3* d) 

<47> S c t V ( .g. igj-tgofl ^ £i B^l^EiSl ^l^^^^r #7l 7]] °l is. sflli^ #^ * # 

7l Jl^S. #^1- S^-g. ^A]7l^ ^4, #71 711 °1H Sfl€ ^ #71 

i^JE #<H1 >^3-°-S. ^ -MslAfol^.^ ^#s>^ ^ Dl ^ o|cf. 

Ji^S S.^ H^^liB^-i-( complementary MOS transistors)^ ol 

^-2-^ H€*1^3 <^ * S^|7liEl ^ ti>£^l7l^ §wl*Rr 34, ^7l 

ofls.^ H^fl^l^El ^ ^ #7l x]3-^ H 
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71 ^ev* ^-f^xr *fll ¥5 *fl2 711 °1H sfl^ ^L^-ti-lr-a- #7l ^ 3] *fl 2 tIM^ 

sfl€ ^"71 *)U ^ ^2 %^<3^#^§- ^-71 afll 31 A}2 Tfl o]B ^ 

^ ZL^-tis- iflofl z}z| ^1 ^ a|| 2 Tinn ^^^4. #7} 4 1 HSL^S. 

S TflolB ^1 ol^^- ^tHl. #7l ^1^^^ afll o]E^=h TlHH 

3flH# ^^Bl^H ^-71 oJ;£-f = JE ^olH aflEi^- # 7 ] ol^r-i-S. ^^^Tll £ 

-f^Al^j^ ^X\c]] ^£i£B TllolS ^ o]^-og £#^. ^o.^. °}°]*\, 

^7} fc^-fr *)7]ifrZ±. 

<49> #71 1*13 #4? I^Sl A>-g-^ ^A^ ^ Ojcf. #71 ^4? <l^el ^ 

^ 900°C vfl^l 1200°CS1 ^£ ^ ^Al^ ^o] tif^^cf. #7] ^ 

el ^ ^7H1a^ aJa1§>^ ^ol wl-^^rl-. 

<5o> o]^ t ^ ^-s^H w>^tb -€*H1«-* #>fl*l ^^*>7ls 

Cf. ^14, <^7H A^^o^j^ ^AH§ofl ^3*1 3 31 3. ^lsHi 

^JE ^71^^ i7H£l^ AjAHU-^ 7 flAl^ ifl-g-Ol ^T^JZ ^«fl^ ^ 

ZLel^L ^-^7Hl7fl ^&f>] y&TgQ ^ <&sm v}7} 4H*fl *fl*3°1*lfe ^°14 

. 5tl«H-H. # ^ ^1^ igSMda. 7l^>7l fl*H ^tb, 

#°i # 7)# »#»ofl oicfji ^^-si^^i-b ^^1 n^^ar 4^ # 7m #ofl 

^13 ^ ^7114 SL^r A>olo)l #o] 7 fl^^ ^ £ olcf. ^^A^ ^ofl ^^A^ 

<5l> £ a. i£tgcq afl! AjA)o})ofl rtf^ e^^^-^s. a^^^ 7 ] ^) ^ cf^S-Ol tf. 
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S. 8-1- ^*>^, *}^) 71^(101)^1 ^^"^H ^^^M ti>£^l7l^: 
(101)^: 7}% ^Bl-S 71^^ ^ ^Cf. %^^^^r ^(JE^l 

*}*1 ^ V 7l %^<^^S1 W» 7>S^5l »<* T"^Bfl^ 

B ^(reverse T-shaped gate electrode; 129 145)^1 fl*ltM=l-. °^7H, ^7} TlHB 

^(129)^- N^g 711 °1B #^Mr ^iflji, #7) 711 °1B #^Kl45)fe TlHB M-B}\fl 
Cf. ^"71 TflolB ^(129 Sl^r 145 )£r ZL ^ ^^^-^Ei ^ wj-^ 

l-#^-(129' J£fe 145' )«- 5Hr4. 43-71 ##Jf(129')fe m TflolB ^(129)3 ^ ^ 

^ 0.5.^-E-l <3#^ *)U M-Bl-iflJl, #7) M-¥-(145')fe #7} P^ TflolH ^(145)^ 

*>^- ^iLJL^El ^12 M-El-stic}. ^"71 129' S^r 145' )tt S. 8°\] 5L 

*1€ 44 ^-o] ^^1*1 ^ = SS|-«1* 3Hr4-. ^-71 TflolH #^(129 145) ^ #7l 

-£^l7m(101) AHofl^ TflolH ^9i^-(121)ol 711^^4. ^"71 711 °1B ^(129 SE^ 145)^1 
7fl°lH ^101^(1393)0^ o^fl ^2f3^^, l-#^-(129' 145' )£) 

<^1 ^. 7l ^1 olH ^1 0} x\ ( 1393) ofl Sl^fl ii^x}. 

A o V 7l l-#^-(129' H^b 145') *}-Jf°l #7] %^ojo^o) s^ofl^ ^l ^-<£-§. ojo=j 

(131a iE^r 133a) <>1 ^7} TflolH ^3)1 °1 x\ (139a) #7l aVJE^l^ 

(101)21 &#°\) $}2 7i^£ <^(131b iE^r 133b)°l ^*1W. #7) afll ^ *fl 

2 7-1^51 ^^#(1313 ^ 133a )^ oj-O^s JE-f^ M-t^Jl, 

#7] *fll ^ *fl2 ^^l-(131b ^ 133b )£- P^^l ol^-s-s. ^ oj^-.o. 

4^4. ^7l ^12 71 ^£ ^°4(131b 133b ^-71 ^1 7-1 ^£ <^«(131a 

133a)^.cf 
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o}6\) c^H, # 7 ] 7\}o]^ ^5|]ol^(i39a)^ £1^4 #7l ^£.^171^(101)^ 

S^Itt JI-^iE. ^^(141 SE^r 143 H #7l Xl2 t^s. 1-^1- 

<3^(131b 133b )^ #7l XU x-^S. <£<*!( 131a HL^r 133a) £ #7l ZL^-iE 

<3<3(141 S^r 143) AMofl ^^^-4. #7] j7^£ 1-^1- ^^(141 143)^1 ^-JE 

^ #7l XU ^ XI 2 <^^#^ ^SJicf fecf. oj7l^, #7l ZL^JE 1-^ 

# ^(141)^ <3<3# M-^JL, #71 JL^SL 

(143)-^ P^s) 1-^1- JE^§€ M-^^cf. #7l XU 7^5. <^^(i31a 

S^r 133a) ^ #7l Xl2 <3<*(131b 5&^r 133b)£r <3<*(131 SE^ 133)* 

^€•4. °H1 4^, #7l <i^^ g§^(131 J££r 133)^1 ^7l^<?l 7-1 #7l X| 1 t^je ^ 
^# ^^(131a JEtt 133a)iH=r #7l Xl2 x\%-5. ^^(131b S^f 133b) 3 =&XH 

7l°l*H ^^s^-Al^ ^ ojcf. olofl til^c^, # 7 1 X| l t^S. <^^(131a SE^ 133a) -8r 

#7l TflolB ^(129 JE^ 145) ^21 *fl\| <3^°11 #71 XI 2 t^S. <3<3 

(131b iE^ 133b HI til*><^ ^cf . trfsl-A-1 , 5. 8°fl iL^^l £a cf^^ jL^f* ^ 

7-1 §1 ^XlAl^ ^ ojcf. 

el 4o}7M, #7l TflolB. ^(129 145)21 ^ * #7l XI 2 7^£ cg^ 

(131b iE^r 133b) ^ S^^: *l-fr ^(curing thermal oxide layer; 135)^3fl g^ll ^ 

9X^. °1 ^^Ml, #7l TflolB ^^01^(1393)^ # 7 ] *l-fr ^^^"(135) #°fl ^lt^. SE 
tr, #71 *l-fr ^#^^-(135) #7l XHH ^B||oH(139a) *}°H1 isfloH 4Jz|-^X|^- 
(spacer etch stop layer; 137)7> 7flXl€ 'rS. ^^r. #7l ^2flol7-l ^1^7171^(137)^- #7l 
TllolH i5flol^(i39 a )ofl cfl^>ol ^^^EHyj^. 5}-^ ^^^-o.^. ^l^^^l ^<^1 w>^-^^>cl-. 
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<56> #7] 711 o]H ^^-(129 SE^f 145)3] #Jfi3 ^ ^-71 ^(141 143)^1 

X'S ^Hl ^ ^^A>ol = ^-(147)0] o^lU" ^ ojrf. ol ^o_6\) , 4>7l afll <3 
^(131a EE-^ 133a) ill} ^ #7l ^fl2 ^^5. <3<3(131b EE^r 133b )^ ^7.fl5. 

^•71 ^^A>olcnV (l47) ^ ^- 7 l ti_V£^l 71^(101) A>o] ^ ^ O] *\ ^ ^ -g- 

<57> £ 8^1 Ji^^l 3.^ E.^]^7} <as.i H^l^e}-^, -#71 71^(101)^: 

te^l7l^; Hl^r P^«^ ^ 55i^. °1 ^ V 7l 7]]olH #^8: ^"71 Tfl o] E ^(129)<^1 

^^-*>^1, ^"71 *fll ^12 7^51 ^^1- ^ ^71 JL%-5L ^ 

^ ^ A oM ^11 7-1 ^£ ^# ^^(131a), ^-71 A}2 7-1 ^51 <3^(131b) 

^ #7l 3X^51 <3^(141)<i ^^W. ojsf alrflS., £ 8<^1 3.+ H^*}^ 

E^7> 3}5>i H^^^Ei^ig, ^7} «>£^7l^:(101)^: 7} & EE^r NH^ ^ 5^. ^l 

^"T^l , ^7l TflojH ^"71 TflojB ^(145 HI ^^>JL, ^71 Z\%-5. ^# 

42 m§SL ^ ^7l JL^JE AA ^"71 P^ 7-^51 # 

^# ^^(133a), ^ v 7] ^12 P^ 7i^-£ <3<*(133b) ^ P^ lr^# 
(143) oil ^t^. 

<58> 5L 9^ ^- 7112 n}^ H^^|^Bi# ^*>7l ^ tb ^^^o]c}-. 

^Al^ofl 14^. E^fl^^E^ TflojE ^ ^ cg^o] ^Eflofl SXo]Aj £ 8 ofl 

^^nj-o] 7H1*1 ^lcf. 

<59> £ gs. ^-s^^, £ 8«1H<2}- ^-o] «>£^l7l^:(101) ^-<H1 P'^Bflo} TllojH ^^-(163 

169)^1 ^*1*M}. ^-71 711 °1H ^^-(163 5E^r 169)^ ZL^S] ^>^^ ^-S^-El 
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* U=*M <3#€ (163' 169' )« iM4. ^"71 ##^-(163* Sfe 169') 5} #^ 

afll ^Aj^sf^- ^e] oj:^ %a}%\ £S4 0 ^ (positive sloped profile)* #tt4. ^r, -#7] 
#-¥-(163' SE^r 169')^ ZL^^l #Jf^.j£c). gt}. 

olofl c^oj , ^"71 ##-¥-(163' HL^ 169') 5>-¥-^l fl*l*rfe *fll 
(165a S-b 167a)5} ^l-( curvature)^ >fll -^H^M iL<^3l #7l XU 
(131a 2^ 133a) 51 ^(curvature)*}- ^» ^ #7l XU <^«(165a 

167a) ^ £ 9 oil ^1 , *IU -^Hl^ #7l XU <3 <3 

(131a S^r 133a) 51 a]*H # *r &i=r. #7l XU *^3E <^*(131a, 

133a, 165a 167a H #7l ##^-(129', 145', 163' S^r 169')* ^-f-*Rr °l£r§- 

oil 5l*fl S-O^S]^ <3^°l7l "fl^ 0 ^. ^|c|6| 4=^, X|l ^A}^6fl ti]^ 2- 

i H^fl^l^E^ ^ 7l ]^o^ jL^Khot carrier effect )*■ ^XH^l ^ ^tf. ^ , #7l 

*fll *l^-5i °|^(165a Htt 167a) <H1 ^tr *112 <3°3(165b S^r 167b) 

^^Hlo] xl 2 (131b £b 133b) 4 ^Bfl* 3Hrtf. -*7l ^|1 

x^3E °J^(165a 167a) #7l X]2 T^S. oj^ (1655 £fe I67b)^ 
t\ ^(165 SE^r 167)* ^t!-T=f. 

£ lO-B- ^^51 xi 3 *UHH <4-^ a.^ H^^l^Eil- ^^*>7l 5^ ^£Olcf. 

-^^HHl *r€- XHJ= ^Efloil oio^ s. 8 oil S-i 

£ 10* ^-S^l-^, £ 8<*)MSr ^-o] #£.31 7)^(101) >M T"^Efl5| XMH ^^(213 
SE-b 215) ol fl*l$M4. Aj- 7 j TflolH ^(213 SE^r 215)£r ^^5] sr>-¥-^-^ o_^^-El <£#^ # 
#-¥-(213' EE^r 215' )» Sf-trcf. ^7] l-#^-(213' 215')^ #«j-5-, £ 10 ofl £ a]^ «> 
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3*r*l £S4°^ SHr^k ^, #7} ##-^(213' SE^r 215')^ #Jf ZL^ 
si Spr^iLi} ^cf. o]ofl nj-jq., ^-71 <i^c1 ^^(131 SE^ 133) ^ #7l TflolH ^(213 IE 
^ 215) A>ol^ 7 ]a$ Eli (parasitic capaci tance)7> *fll ^ »12 ^l*}^ ^ 

^1*1 #^£4. ^43-2.3., H€*l^o} ^*Hr5i(operating speed)* U=#*l *J ^ & 

<63> 4^1, ^°\) 4^- 2-^ ^lS^^^-i- ^^^>7lS tr4. 

<64> £ 11 iflx] 5L 20 £ *fll ^aHH #J±^ S-i H$*l^£l* 

( complementary MOS transistors)^ ^S^^^ ^^*>7l -^tr ^:^£-i- 0 lcf. ^ & 
°H , "a" ^ "b"5. 5*1^1 ^^s-^- z^z]- <a£A B^l^i ^ ^ ^s.^ S^H 

< 65 > £ 11-i- ^-S*>^, #7l <3£L^ H31*l^Bi <8^(a) ^ #7l B^l^E] <3<*(b) 

# ^ V tt «>£^7l^;(101)# ^Hltr^f. #7] tiV£*11 7)^(101) S) <*H d^g-e) ^(^l 

*1 &-§-)# ^#^1 #7l <a.E.i H^H^iEi <^<*(a) ^ #7l 4_E.i B^^l^ <3<3(bH 
^ ^11 ^ ^12 tr^tb^f. #7l «!£i H^^l^Ei <3^(a) ^ #7l B 

i£*liEi ^(bH zj-zj- P€(105a) ^ NlfiUOSb)^ ^#tr4. #7l ^1 ^ ^2 «r^^^#^r 
#7] PlS(105a) ^ N^(105b)-i: ^ofl ^-^^ ^ £ o^cf. ^- 7 ] tiV£*jl 71^(101) #°fl 

^(103)* ^^trcf. #7l ^^(103)^- ^s}-^ £E^r CVD ^sJ-^iLS ^ ^cf. ^1 

^tfl, #71 3r#^ 100A ifl*l 300AS] ^v\]s. «g>Stri=r. 
<66> £ 12a# #S*>^, #71 ^^-(103) ^-^^"(107) ^ 7fl^§^-(109)^- *Ml3. 

trcf. #7l #^^-(107)^ #7l ^^-(103)oll fllsH eh all- z.v^ #^^-o_^ 

^#tr4. ^1# #71 #^el-(107)^r ^Sl^- ^sJ-^ilS. f^sfb ^^1 tif^^cf. a^r 
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, #7l 7-fl^^-(109)^r #71 #^^(107)ofl tfl^H #zHd^«l« 4«tfl CVD #31- 

D -l°£ ^^Hr ^3°1 HH^V^. # 3 #71 7fl^(109)£: JL^S. f^^P} # 

sl-^KHDP oxide layer; high density plasma oxide layer)iL5- ^#^- SX^. 

#71 7fl^(109) 3l #71 #^(107)* ^3-^5. sfl^sH ^-71 <3£i B^fl^l^ 
^ <8^(a) ^ #7l slSi H^l^ ^(b) ^<H1 ^ afli <^1«1 711 °1H sfl^i ZL^-y.(113a) 
31 A]2 <^1«1 711 °1B. n^ti.(113b)l- ^#tr4. #71 ^11 ^ ^12 ^w] TflolH sfl^ ^-f-w. 

#(113a ^ 113b)£r ^ ^7] #^^(107)^1 i^^* ^#Al^cf. ^-71 ^ *fl2 oflHl 
TlMB. *fl€ n^-y-l:(113a, 113b)* ^#*Kr °llJ-# ^z]-^-^^- A r -g-<5 r ol ^^1^ 

3M yf^^^>4. °H <4e}, #7l #^(107)* «*Kr #7l ^) ^o)^ ^ zl^w^ 
(113a, 113b) ^ ^31 *V HS.^* ^tf. #71 711^(109)* *3£r ^ 

S. 13a» tis}^ , #71 afll ^1*1 711 ole n# ^fi±(113a) vflofl oj-^s-* 
^<8*H #71 <?fl2.^ B^^l^Ei <g^( a ) tfl^l #7l 51^^(115) 6>Eflofl ^U^o.^ 
b^^oj- ol^-^<y (first threshold voltage ion implantation region; 117a)* H#tri=T. 
S&^r, #7l *fl2 «1 TllolB H^-w(113b) i^H ^12 ol^-s.^- <s}cx| ^-71 212. 

^ H^fl^liEi <3<3(b) ^ #71 51^^(115) ^sfloll #^^^.S ^2 -g^^ ol^oj 

(second threshold voltage ion implantation region; 117b)* ^#^K #7l ^fll Mr&M: 
#71 Pl2(105a) ^ N€(105b)^l ^£1-^1 ^ #7l *fl2 

#^1 £.^^azf -§-<^ r 7i^ 4* ^ g^tr, #7l -ir^-i- ol^-g-o] ^ #71 ^12 

*^-§- S^^ol -§-<|}^- ^ofl, # 7 1 ^ ol^-s-o. ^o) o]£-^oj 

ir^U single ion implantation process)* -*f-§-^H ^^^714 *]3_ cfs. i= iftjflS] 
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« ^^IrCtwo separate ion implantation processes)* * r -8-*r°i ^^^fi ^S. &i=r. #7l *fll 
*fl2 S-^^ <=>1-Sr^°d *3*£r ^£ 5^. 

£ 14a» #2:*r^, #7l ^^(103)* -f-^ ^4«H <3H.i H^l^ 

3 <3^(a) ^ ^71 m«a*l^EKb) ^1 ^ ^7l P^(105a) ^ #7l N€(105b)^ a 

iS* ^#^7)^ ^ ^12 TfloiB sfl^ zl-?- «.-!-( 119a, 119b)* ^s^, 
*fll TflojH 34)^ ZL^y.(119a)^ ^-7] P^S(105a)^ i^^* ^Aj^Jl #7l #<f^(103) 

^fl°fl ^€ ^ci^ <3«* i^-tt^. ©lsj- c}t7Hs, ^-7) ^12 TfloiH jfl^i zi^-y (ii9b)^ 

#71 N€(105b)^ ^^^-i- ^#A]7l^I ^7} ^#^-(103) v|H <3^* 

^. °1 #71 ^#(120)^- ^Mtr ES^^t 5Hrtf. ^-7] 

^ ^z|-§-<2W(wet et chant)* a>-8-«M ^X\^ + ^cf. ofl-1- # 7 1 ^e}- 

(103)°| -M-^Sl ^4-^1, ^71 ^ !-y-g-^(HF solution; 

hydrofluoric acid solution) ^^-^ -^-g-^CBOE; buffered oxide etchant)* 

£ 13a #3HH ^"71 *fll £ ol^oj 7$ o. f # 7 j 

q ^8* ^l^tr °1^M1 ^X\^ ^ sa^i-. 

tr^, ^71 *U g afl2 oflal TflolH ^€ n^tit(ll3a, 113b) £ #7l *fll ^ 7fl2 Tfl 
°1H 4€ ^L^-w.-i-(119a ) 119b £ 12a vfl*l S. l4a«^|>H ^€ ^4 tj-s. ^1 «J- 
^ (first modified method)* A>-g-s r <^ ^ &t}. afli tg-^ £ 12b ifl*l 

£ 14b» #2t}oj ^ 5^. 

£ 12b# ^-S*>^, £ 11*)H ^-71 7fl^§B]-(109)* *flE^SH ^-71 ojl-E^ B*cH 

<8^(a) ^ #7j HSS^l^Bl <^^(b) vfl^j z]-z^ ^ H^l^l 
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(109a, 109b)* #7l A)l £ A2 H5ffl^] ^^#(109a, 109b)^r #7l -§-^(107)2} 

^^l-* #7l afli ^ ^12 m^*l ^^-&(109a, 109b ^« #<*l| -g-#£l 

y o v ^* *}-g-*H ^H^UlD* ^ ^tf. #7l ^31*1 ^sfflo]A^(in)o. CVD # 

Sj-^h ofl^ 1-^ D > TEOS^" (plasma tetraethylorthosi 1 icate layer)-°5. SU 1 ^. 

# 7 | e^I^I i3flo}^§(ni) ^ # 7 ] 7fl^^-(109)* ^ 4ias *}-8-«H #7l 

(107)* ^^-*Vuf. zl #7l ^^-(103)^1 i^^* 71 ^ #7l Tfll * 

A}2 oflia] TllolH 3fl€ ZL^-«#(113a, 113b)°l °1 #7l afli ^ afl 

2 oflul 7)1 ©Je zi^H.*(ii3a ; 113b)£- #7l B31*l i4°l^l-(lll)^ ^* 3^*1 

^-o_5.*| ^7>o]l-^.cf ^ ojcf. #7] ^-^(103)£| 

1-* ^-f-SHfr #71 *fll ^ *fl2 «^1«1 71MB. 4€ H^-«L#(113a, 113b)^ £ 12a<Hl 

£ 13b ^ £ 14b« 5L 13a«\}*]Q y o^* *}-8-*M #7l afli ^ *H2 

°l-£-^^ «8*?#(117a, 117b)* ^^ti-cf. #71 * aj|2 ol^^cy <g <*j 

l-(117a, 117b)* ^*Rr ^#£r 5tt^. *>1°H , &f^(103)* 

£ l4a4H #71 $J ^112 TlMB sflili ZL^w.l:(119a ) 119b)* ^ 

#71 41 ^ *fl2 ^M TflolH sfliji H^-w#(113a, 113b) ^ #7l afll £ *fl2 Til olB sfl 
€ ^L^- «.-!-( 119a, 119b)£r £ 12a ^H^l £ 14a ^ i 12b tfl*l £ 14b^l ^ 
£E nf^- ^12 «<H3* ^>*^H 3^ 5£4. ^71 ^12 i 12c tfl*l 

£ 14c» #££*1M ^€ ^ ^cf. 
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£ 12c# ^-71 7fl^^-(109) ^ <$7] #^(107)* #7l <&5.^ B 

^^l^Ei ^^( a ) % #7] 5^£A e^^a^ <8^(b) v|W A 7 A Al % A2 B3!*l <3^» 
(110a, 110b)* ^-71 X)l ^ A)2 H«*l <8^#(110a, 110b)£- #7l #^(107) ^ 

^•7] 7fl^^-(109)^ #Xl¥*)l (total thickness)^ ^ $^tf. m^^LS- 

, ^7) XU ^ *fl2 ^^*(113a, 113b)^ ^7} 1-^^(107)2] <aj j=l«. 0 1 

cf. #7] B31*l ^^l-dlOa, 110b)* *±^}7}% ^e}-* ^ 

^-71 *I >^7l -§-^(107)^ ^ -f£* o]« o >^ Aj^H ^"71 B^l^l 

^^l-(110a, 110b)2] ^Hl B31*l i3ll°H»(112)* -g-Alofl ^-71 ^s]- 

(103)^ d^<g<** i^#Al7l^ %7] XU ^ XI 2 ^1^1 Tflc-lB ZL-f-B-i-(113a, 113b)* ^ 

<^ IL^S)^ ^o 1 ^ ^m^: #7] XU "o^l #^4. °H nj-e}-, ^-71 XU 

^ X)2 «1 XMB 3flH Zi^-y.l:(113a ( 113b)* ^*Rr <#7] *l^]7)#*\} 7}^^ 

£ 13c ^ 51 14c!- ^S*}^, £ 13a^l^^- #^* A>-g-*H #7l XU ^ Xl2 

ol-^^oi ^^l-(ii7a, 117b)* ^tH=K ^-71 XI 1 ^ Xl2 -g-^*!^ °)-&^<$ <3<3 
*(117a, 117b)* ^*Hr ^§l-gr -$3=€ ^51 <=>]o]^ , #7] £<f^(103)^- 

^*oM3 £ 14a°lH ^"71 XI 1 ^ Xl2 XMB aim n^-Bl-(119a, 119b)* ^ 
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<78> 154 ^-s^, #7l afll ^ *fl2 TflojH 3fl€ ZL^-ti.*(119a, 119b HI ^«fl 

#7l PH(105a) ^ #7l N€(105b)^ S^* #°11 TlMB ^^(121)* ^#th}. #7l Tflo] 
H ^°?*Kl21)£: l^ D to *g#^- ^ 5a^, #^(103)i±t} gj=£r ^TflJL 

cf. ojofl #71 ^^-(103) #71 °mo] c^^} ^ttcf. #71 TflolB ^ 

<2^(121)-g- ^ ^^ 7 i^- #6)1 ^ ^12 TflolB Bflfi ZL^-ti-i-diga, 119b)* 

aVlE^-g- ^ #7] tiVi^l^-g- l-el^el^^- 2E^ <y 

«1^^ ^bI^bvo.^ fg#^ ^ ^14. 

<79> #7l *^( 107)^1 #-^-^ol ±%^7?}X\ #71 tiVS^l^v ^ #7l TflJgel- 

(109)* ^SW^ #7l Tflol^ sflig ZL^-ti.(H9a) ^ #7l *fl2 711 °1H 3fll! ZL^-ti. 

(119b) ^flofl ^ *lll ^ *112 Tll^lH 4€#(123n, 123p)* ^#tVcf. o]6\) #7l *fll Tfl 

°1H 4€(123n)^r #71 H^fl^l^Ei <3«( a ) ^ #7l °|e^ <£<** afli 

^(123n')t i^tr^. k}&7}*\3,, #7l *fl2 ?1HH ^(^p)^ #7l 3)5.^ H^li 

3 <3^(b) ^ #71 <3<3* *fl-Hr *ll2 ##-*f-(123p')l- i^rf. ol ^-fofl, # 7 1 

*U ^ ^12 !-#^-»(123n\ 123p')2l HS.^* ^3^, #7l 

*U ^ ^12 TflolH sfl^-i-C^Sn, 123p)^r "<3 T" ^(reverse T shape)* #&t±. 
<80> £ 16* %^^ ( #7l s]3_+ cg^(b) #ofl SSefl^l^B sfl^(i25)* ^ 

^7l l£5)]^liH 2flfd(125)-g- ol^oj d}ah1 ^1~§-*H #71 *fll Tll^lH 3fl^ 
(123n)^l S^l m ^1^(127)* ^^^o. S ^^^4. N^§ °l£r# 

(127)^r 91 0 l£r# (phosphorus ions) iE^b ^1^:1- (arsenic ions)^ ^ \3}#z\is}-7\} 

^"71 01-2-^(127) -8: #7l *]± o]^^ ^-#£» ^ # 7 | o] ol£-S- 

°l^r. A o v 7l ol-g-l-^ i>iol5 vfl^l 5>10 15 atoms/cnf ^£^1 ^ £^5. 
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°H nj-e)-, #7l afli TflojH sfl^(i23n)^ o}^*} ^o] 7 >*fl^ # 7 ) ^]l 

3fl^(123n)^ ^^lW. ^71 ^^W-fr -^-§-(#71 afll 

TllolB 3fl^(i23n)^ ^ <$^)£r ^ *)l7i€ ^ ^cf. ojofl nfe)., # 

71 afll TflolH 3fl^(123n) tflS] ^^S^: ^7l5]^ 0 > th=r. 

S. 17-gr ^-2:^, #7l ££B^liB sfl€(125)^- ^71^. °1<H*1, #7l *fll 7fl°lB 
2fl^(123n)-§- 1*1^tH=f. °H1 *U tIMh sfl€(123n)^r #7l 

-g^r^l S-^sH N^g TflojH ^^"(129)^: ^W=r. ^ #7l TiHH 

(129)^: ##-?-(N-type protrusion; 129' )# 3Hf-i=K #7l <i^sl ^-gr #7) °l£r^<y 
*3 ^<?> ^1 TflolH 2)l^i(i23n) ifl<Hl 7H^ ^(damage)* *l-frtr^-. o]d\) rrj-ej-, ^-y] *fll 
TiMH 3fl^(i23n) ^ ^^o] ^T^tf. -#71 l^s) #4- ^^e) ^-g- Aj-g-Sr 

°i ^l^Rr tir^srl-cr. °1 ^-M, ^"71 ^4? <i^s] ^-^^r 900°C 1200°C^ JL^ 

^ ^4l7>i ^7] ifloflA^ ^A]*VC}. ^-7] ^4? 102:^ 

31^r*lH, #^(107) ^ ^-71 ^#^-(103)^- ^lTl^H #71 TflolB 

(129) ^ #7j ^2 TflolH 3fl£i(123p)^ ^^Ir-i- ^i^t}. 1-^^(107)^ 150t: tfl^l 

160°C^ ^£5. 7><i^ «17i£ ^-i-oJKhot phosphoric acid; hot H 3 P0 4 )^- ^--§-*H ^l^^ 
*r 91^. #7] #^(107) -§: ^7]^ ^7} A]2 TflolB ^^(I23p)2f ^7} m 

TflolH ^i^-(129)ol lM€i=r. ##tr ^r^r ^1 TlHH. 3^- 

(129) vflofl <H*)tr ^*ti*r*l ^71 xflf^cf. ^-71 ^> -g-^^ >*7l 

^(103)S] <y -$7} m l-#^-(129')^ ^ ^ #71 ^12 «-#^-(123p')^ 
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^•3* i^l^ ^ 5a cf. olofl # 7 i p^(i05a) £ Nl3(105b) #°11 #7l *L7]2\ 

(103)^ SH§^ *H#(buffer layer residue; ^£ «ic}. o] 

^-r-°fl, #7l ^<^#^- ^ ^(another etching process)* *MJ-«H ^7}S. 

*\}7]?>}^ ^-1: ^JE 9X^. ^^SLsL, #7l 1-^(107)* ^# ^zj--g-<*l* A>-g-^H 

^Tlt^l^, #7l Til o]e ^^. (12 9)ofl <^cc)^. ^-el^<y ^voi 7HH^ 3* 

ojofl ^-71 TflolH *l^r(129)£- #7l afll tIHh 4€(123n)^ ^^tr 5L°d= 

(configuration)^- ^"^^f. 

#71 m TflolH ^(129)* <>l£r^ n>^3.s. A>-g-^><^ ^ TlU ##<3^ iflofl 
51 ol^-s.^- ^EH^JiL ^oj^rH #7l TflojH #^(129) 3 ^Eflofl ofl^^ eg <* 

(N-channel region)* tr^4 ^-X\6\] ojl^^ tgc^cq c*ofl N ^ 7^51 cg^s. 

(131)* ^^tr^r. <>H, S^I^Itt <?> ^2.^ H^^l^Ei ^^(b)fe iSell*l^H°ll 

2)n #7} ol^s.^ ^ 1>10 i3 atoms/cnf ^*1 1>10 14 atoms/cnf ^-£^1 

£^J1 ^^14. a*V, #71 1-^1- ^-71 ^l^-l-^l ^«-7> 

#71 l-#-^(129')# ^-g-<5>-£^ ^lM^lS ^-y^cf. ^Hr, #7l 

^^#(131)^1 ZfZf^r #71 «-#^-(129') *HM #7l 7fll ^cg^o} ^ 

£ ^111 *1^-51 <3<*!(131a) ^ #71 ^1 z)%-5L <3<*(131aHl <?l^tr 

*\)2 m *\i§-5- 1"^* <3 "3(131^* S^tr^r. #71 ^112 <SS|(131b)°] # 

71 afll m ^^-S. ^^(131a)^q- ^£i=Hr ^^c}-. 

olsf 4i>7WS, #7l 7112 TflolH sfl^(i23p)* °l^oj p>^3.5- ^>-§-*H #7l 7)12 
%^<g<* tflofl p^o} ol^-i-^. 7^3_ojl #71 7112 TllolH sfl^(123p)Sl o> 

2fl°ll 3X1^^ ^^(P-channel region)* t^^r ^^Hl #7l s\^"4. 0 J= ^^1 7^ 
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£ ^^*(133)^- ^^B}. oH, B^l^E] <3<3(a)^r iSBfl^^H^l ^«fl 

li^c}. °H1 4^, ^71 ^^#(133)^1 >S-7l ^12 ##-¥-(123p') 

^"71 *fl2 SL^ *fll <^^(133a) #7] afll P 

<§ ^^-S. <3^(133a)<Hl ^tr ^12 ^(133b)* SL^-frt]-. ^>M 

*}2 P^ <83(133b)ol #7] P ^ 7-^51 <g<*(133a)iLt} 

€m=- ^J^r 7f^^cf. M> av 7 ] ptg <3^#(133) tflAiofl S3! ^# ^ 

^*(N-type pocket impurity regions; 133')* #7l S.^ 

#(133')^ 3Z|S.>i B^l^o} c^j)^ 7fl^e>^ eil °Xo]X) Jr o] tf. 4V7} 

3! ^^#(133')^ a°1^8r ^-7) P^ t^je <^^#(133)^ ^ols-jz). -g^^ 

i-r S* ^ 

£ 18* A oM #^£* ^^1-(131 ^ 133)* ^ #51*)l7j^* 1^ 

*1?H ^7l aVE^)^ ^ ^Vofl *1-B- <! Al-sj- ^-(curing thermal oxide layer; 135)* 

A oM l^sf ^-^^r #7l l-#^-(129') ^ ^"71 7^2 l-#^-(123p') o>2flo] ^ 

°1H *l<?!^-(121)* S)4^l7lJl <#7] ^^71^1 €^fl*Rr ^>* *l-frtri=r. #7l ^ 
3KK135) ^7^1 spacer etch stop layer; 137) ^ ^<a^(139) 

* ^W^t. #7] ^}°}*\ ^^7^1^.(137)^- ^-71 i^HAi ^<£^(139H1 tfltsH 

(139)* ^^€- A u^ D n^i ^ ^ ^-fofl, #7l ^z|-7^m-( 137)^8: ^^r^- 

o.^. ^ &tr. °l^r ^riflS., #7l ^£12}- (139)* ^^.^o.^. ^^^^ 

^^}, #71 ^^o]^ Aiz]-7i 7.1^(137)^- -t>^-^S ^ ^cf. o^71a^ ( ^-7] 
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isfloH ^^^(139)ol #7l ^sf|°H ^^^]^(i37) ^a^^i 

9X^. 

51 19# ^-S^, #7l ^^^(139)1- ^z^cc} #7l TflojH ^iq- 

(129)^1 ^ ^ #7l ^12 TllolB 3fl€(123p)^ ^ #°11 ^ ^fl i TfloiB. ^oHdsga' ) 
^ ^2 TflolB ^5)1 °H ( 139a" )«- #7l TlMm #^-(129) ^ #7l 7flo]B 

^ll°H(139a')l- ol^og 4a 3S a>-8-*H a o > 7 ] ^<3<* tflofl N ^ cl^rS^r 
^r^H #71 afll TflolH ^2H°H(139a')Sl ^^^ofl ol^^j- ^- 7 ] ^<^^o) N 

^ JL^5i cg^l-(l41)* #7l lr^# ^^»(131) * #7l 

-H^-JSL ^1(141)^- N^g i^^/=efl^ <^lr-i- ^OT-. , #7l JL^i 

1-^1- <^^l:(141)^r #71 ^i/^e^l<y °§<*!^ #7]*)°} #^7)71 ^ *H 

#71 ^12 ^"Wmb)^ 115^ *§^*Rr ?M B>^^Cl-. O.S., 

#71 ^12 <^^l-(131b)^ #71 ^11 711 °1S ^3)lol^(139a') *BM1 

Jl #7l ^1 m t^JE <3^1:(131a) ^ #7l .H^5L ^^#(141) ^ojofl 

#7l ^12 TflolH 3fl^l(i23p) ^ #7l *112 TflolB ^3illolA-l(i39a»)» °l£r^ 

*U 139a") 51 fil^^ofl o]^^- a o v 7 ] ^ 2 %^cg^o] s ^dl P ^ jl^s -g-^ <g^l-(143)# 
^# ^I^, #71 *fl2 7^1 o]H 2fl^i(145)^: ^#^1 <i^El ^ ^o> ^7l P^ 

^l^S. ^"^^1 £^£l<>| TllolH ^(145)^§- ^#t!"^-. #7l TIME ^(145) 
«^ Al P ^ 1-#«.(145')1- ^cf. #71 P^ 7^5. ^^#(133) ^ #71 P^ Jl^-i 1- 

^# ^^#(143)^ P^ ^>i/=eii<y <3««-i- ^^i, #71 P^ Jl^-S. 
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^#(143)^ #7l ^^-i-^ ^.7]^9^ z\ #±.X\7]7] #7l *fl2 

^# ^^#(133b)^ &S.^ *§#*Hr «>^W. ^^^^5., #7l A}2 

P^ T^IE <3<*j-i:(133b)£- #7} *fl2 TllolH £ufl°H (139a") SHM #^*r-2 #7] 

*)U P^ ^^"S. ^^#(133a) £ #7) P*§ JZ-fe-S ^^«(143) a>°H1 $1*1*1* 

#7l N ^ ^ ^^l-(133')ol ^€ ^$-°fl, #71 P^ JL^s-S. ^ 

^€-(143)^ 3°l£ #7l i^I ^^#(133')o)l sl*fl 

£ 20-g: #2^, #7l isfloM ^^^1^(137) ^ ^1^- 1^^(135)^: ^ ^ ^1 
3*r°l #71 71MB #^-(129)31 #-¥-^, #71 P^ TflolB ^(145)^ # J i L, 3, #7l 

ji^-s. ^^i;(i4i)^ s^-i- ^ #7i p^g zl^-s i-^i- ^^#(143)^1 a^i-a- 

Al^cf. ol^^, -f-^ ^^A>c]c 7l## A}-g-*>c^ ^-71 ?1HB #^r«(129, 145) ^ 

#71 Jl^iE ^^#(141, 143) #°fl ^-4=- ^A\o)^( U7 )^- ^ 

°H , a°lt £"TT #71 *fl2 ^^#(131b, 133b) SI ^7flofl 71^1 

*M #71 ^4? ^elA>olcnv (147 ) ^ ^-7) ^s-(i05a, 105b) ¥1§#fr ^-## 7fl^i^l 

^ ^ JE*V, #71 m TflolH #^-(i29)£- M-fr ^-^4. #71 ^ ^ 

slA>oic^.( 147) ^. ^^^>7l 3* ^^sl ^-i- ^Al^el-jE #7l tIMB #^(129) Ul 
°fl -S^^ (impurity depletion region)^ ^#^1^ ^"S" 4 1 Si 1 *. 

£ 21a, £ 21b, £ 21c ^ £ 22 ^*1 £25fe l^^) *fl2 n}s 2. 

^ B^l^e} -^(complementary M0S transistors)^ ;fetfV^-g- ^^^>7l ^^£l-o]c|-. 
-M^Hl^l ^8£r *Ul ^*HHH ^^ol lOOA^cf ^ ^-Tfls. ^#£l^r cfl ^t} 
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. «4eH, £ ^tb y o v ^** ^13ir ^ <£M 

51 21a, 51 21b ^ 51 21c# , «]:51Xl 71^(101) #«fl XU ^ 

tb ^-8: *1~§-*H ^§^(103a), -§-^(107) ^ ^ ^(109)* «8#tb^. #7l 

^-(103a)^r lOOAilcf ^#*M}. Xl^r*lH , #7l XU -g-^^V « 0 V^ a> 

-§-^H 51 13a, 51 13b ^ 51 13c<Hl^i ^€ #7l XU ^ Xl2 °fl«] XMH sfl 
(113a, 113b) ^ #7l XU ^ Xl2 ol^oj cg^s. (117a> n7 b ) o. ^^-c}. ^ofl f 

#7l ^§^(103a)* ^^HM #71 <$5Li B33*l^El <^(a) ^ #7l 

e^fl^liEi ^(b) tflofl ^ Till ^ XI 2 XMB Zl^- 157a, 157b)* ^tH}. °1 

*H #7] X|l XI 2 XHB Xm ZL^-w.#(157a, 157b)£r #7l aH^(103a) 

€ <dcm #71 ^#(155)^ BS^* 

5122 ♦ %b2:*US, XI 1 ^^H^4 ^tb «o Vl 3* *}-8-«H, #71 XI 1 g XI 2 TflolH Xl^ 
^«-#(157a, 157bW 5:#€ P€(105a) ^ N€(105b)^l #<>fl XMH ^<3^- 

(121)* SWtJ-. *I^H, XI 1 ^^lifif ^tb U-^-g- *>-§-*H, #71 XU ^ XI 2 XHB 
X1H ZL^ti.#(157a, 157b)* Xl-f^r XI 1 ^ XI 2 XHB X)^-&(123n, 123p)* ^^tb^. <>H1 
4eh #7l XU XHB Xm(123n)£r #7l <ffl5Li B€*1^3 <3<3(a) iflsl #7l cg^ 
* Xl-f^r XU ##-¥-(123n')l- Bf-W. p>^7>xls., #71 XI 2 XMB Xm(123p)£- # 

7l 3X}5Li B€*l^ <3<*(b) vfl^ ^- 7 l <yc]^ cgcrf^ ^o.- M^(123p")» 
B^W. #71 XU £ XI 2 ##^-S(123n', 123p')^ ^^-Br ^1, ^ #^tb w}^ 

°1 lOOABcf ^ ^1# ^--^ xi^«fl^, XU <&*Ms* w o v ^* *>-8-*H #71 s]s. 
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i H^l^&l <3^(b) ^Hl IEell7|iE 2^(125)* ^SKa ^# °l£r-I-(127)* ^ 

^•atVcf. ^-7) l£e))7liH 4^(125)* *\]7]*): ^, ^7} *fll tIMh 

^€(123n)# 7ilo}B ^(129)* H)^*) , ^1 ^Hl^ 

H o v ^# #^(107) ^ ^^-(103a)* ^^^5. *fl7^H >«-7l 

?1MH. ^(129) ^ ^"71 7fl2 Tfloje sfl^i(i23p)^ ^^1- i^#*l?m. <>H>H, *lll ^Hl 
^ -§-<lJ«Ml, ^1*H #7l <a 5L^ ^(aHl^b ^1 m *]^5L 

«- <^(165a) ^ ^"71 *lll lr^# <3 <3 U65a)«fl <>}^tr *fl2 #^1- ^ 

^(131b)o.S o] =-o^^l N ^ 7^3E. <g^»(165)# ^*}JI, #7] 3q s.^ B^l^Ei 

^(bH^r ^1 ^^(167a) ^ ^2 P*§ 7^51 (167b) 5- 

^ P^ ^^#(167)* Sr€, ^-71 P ^ 7-j ^^#(133) 

^^1^1 1:^1- ^^#(N-type pocket impurity regions; 133')* ^^ik ^£ 

<^7H, ^-71 ^^#(131, 133)* *§^f>}7] °l-^r°d ^<HH, £ 22^1 

^-71 afll * ^12 l-#^-l:(123n' , 123p')^ -tf^f ( ofl ^ ) 7]- Jf-Sl o]£-^<y ^Kg- 

^■71 x-j^s. 1-^1: ^€-(131, 133)* ^^*>7) o]^«g p}^H5. A}-g-5j sssfl*!^ 

H* ^l7l§>7l ^tr ^ ^°1H ^-7) *)U ^ *fl2 ##-¥-^(123n' , 123p')^l S-*\z)7\ ^ 

^5]^ £ 23<i wl-sf ^-ol <£o} ^a>^1 ^ H^sj-^* s.^«-s.(i29' , 123P") 

^ ^HHH, ^7} ^1 7]±5-5L ^^»(165a)^ curvatures) ^8- ^7} 
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^^*(131a)^ ^s-^cf acf. 5L 22o)l JE^m ^7] afll ##^-l:(123n' )7> ^ 

^"71 nfl^-olcf. olsq- ^-71 afll 7i^£ ^# o§ ( 167a ) 3 ^« 

(curvatures)^ #7l *fll <%7] ^l:(133a)£) ^1-*^ 3. 

tr^, ^7) »U 4€7HS, #7] P*§ ^^S. <3<3(167) cflAjofl N ^ 3£ 

^ ^^(167')* *$<%^r ^5L 9X^. 

(reverse T-shaped N-type gate electrode; 163) ^ P'^Efl^) P^ 7)}°]B- ^^-(reverse 
T-shaped P-type gate electrode; 169)^- ^^ik *r x}^*}^. ^^f^^-S., #7] 

TflolH ^^-(163) ^ #7] P^ TfMH ^(169)^ zfzj- ##Y(163') ^ P^ ##^f 
(169 1 )# °] ^"71 «-¥-(163') £ ^-71 P^ ##^-(169' )fe £ 24^1 £ 

*1€ ^r^r ^-o] <£o} ^ A> ^q ^-g-*. ^-^uf. ^, ^"71 ##-*fl;(163\ 169')^ ^H^*^ 

(spacer etch stop layer; 137) ^ iMI<>H ^<a^(139a' , 139a" )-§■ 3^*tj1, JL^-S. 
^(141) g P^ <3<*(143)* I^W. 

£ 25 tfl^l £ 29^ £ ^13 ^HH #Ji*§ 

(complementary M0S transistors)^ ^lS H o v ^^- ^^*>7l ^tr ^£fol4. -±jAlaflo] 
^ ^11 *JaH<M ^ 300 tfl^l 500 A^£^ ^^S)^ c-fl oicf. ttj- 
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eM, £ 4U ^*l°fl^ *^«r ^#-8- *>-g-*H ^ #41*£- £ 

<98> £ 251- ^S^, <$7] 4U S^r 412 ^*H^ -S-^t!: w o v ^* *>-8-*M ^£^1 7l# 

(101) <tf41 &^(103b), #^(107) 41^ ^ 109)* 2>3fl3. ^^tb^. SEth ^S^l 
71^(101)^8- #7l 4]1 SE^ 4l2 ^Hl^ d}^7}^|£ »fl£i B^l^Ei <3^(a) ^ 3i) S.^ H 
€*1^4 ^^(b)# ^JI, ^"71 «|£i S^l^Ei <3^(a) £ ^7l 31] S.^ H^E^l^Ei <3<* 
(b) 4H ^ PH(105a) N1fi(105b)<4 

<99> £ 26a» #2:^>^ , #7l 4)^(109) 9l ^71 #^^-(107)^: #7l Sl£i 

H^fl^l^Bi <3^(a) ^ #71 slS.^ H^M^E) <8^(b) 4H1 ^ 41 1 ^ ^112 4l«l 4MB. 3fl 
^ ZZ.-f-j±*(201a, 201b)-§: 4U ^ 412 41*1 4MB 4|€ #(201a, 

201b)^r #71 ^^-(103b)Sl ^#Al^lcl-. ^1-71 7fl^^-(109)* ^*Rr 

^€ fli=h °1 ^"71 4|l ^ 412 oflal 4H;e 41€ H^f-B*(201a ( 201b)£r # 

71 #^^-(107)^ 4)E^1g-o.5.*| ^^t}. ^-71 411 ^^Hm- u o v ^* ^l~g-*H # 

7l Pl£(105a)£l 4i^<g<* ^ #7l N€(105b)^l ^^41 4U ^ 4]2 £-^<3- ^l^r^ 

^^■l-(203a, 203b)# 

<ioo> £ 27a« ^-71 ^^i-(103b)^: #7l P^l(105a)^ ^ 

3<8<3-§- ^#a]71^ 411 4MB sflU ZL^-«.(207a) ^ #7] N€(105b)Sl 
k= 412 4MB 4)^ ZL^-w.(207b)# zl ^-4, ^7] 4U % 412 4MB 41€ =L^*L 

#(207a, 207b)£r <#7l ^^(103b) 4H ^cl^ ^7} <£d\% 

^-8: «>4- -g-<4 ^A>^ ^^-(205)* ^^€4. ^, ^-71 oit-1^ 

^^if^. zi#Sl ^ft^4 ^4. 
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<101> *V^, <#7) XU ^ Xl2 *\W TflolB X|€ ^ti.«(201a, 201b) ^ <#7) XU ^ XI 2 XI 

Xl€ n^ti-l-(207a ) 207b)£r £ 24a ^ S 25aXH H 0 V ^^ ^-E- X]l £^ 

^^(first modified method)* *}-§-^ ^ ^-7] X| 1 ^€ "J"^ £ 26b ^ 

27b# 7}^] ^ 

<102> £ 26b ^ £ 27b# ^^MS, #7l XU ^cfls] # 7 j XU ^€ «o v, 34 

* *>-8-*><X x|2 «3^*(109a, 109b) ^ H^l >iXM Ail- (m)-g- ^th}. 

#7] 3flE^^ XI ^(109) ^ ^7) iXhHSUll)* ^Z}- ^A afi A>-g-«H ^"71 

-§-^(107)* ^z^H ^"71 ^^-(103b)^ ii#Al7lfe ^-7] XU ^ x]2 oflwl 

XMH Xl^ n^ti.#(201a, 201b)* *§^%h}. ol<X^ t # 7 1 4&^(103b)* 

A oM ^^-(103b) LfH ^ ^a>^1 ^ta#(205)# <£k\% ^l*- ^^*Vcf. 

H ^"71 <3S-i S^^l^Ei <^^(a) ^ V\5L^ H^l^ ^<*(b) lflX| Zj-Zf ^7) 

XU X|2 XMH 2)]^ ZL-f-J±-&(207a, 207b)°l ^^t}. 
<103> o}6\] c]*H, A o v 7l XI 1 XI 2 ofl«l Tfloje Bfl^ :z-f-ii#(201a, 201b) ^ ^"71 XI 1 ^ 

XI 2 X]°lH XI € ^ti-#(207a, 207b)£- S. 26a, S. 27a, £ 26b ^ £ 27bXM ^€ «o v ^ 
SE t\& XI 2 f^* *}**H ^£ ^71 XI 2 ^€ U-^^r £ 26c 

£ £ 27c# >£^ ^ ojcf. 

<104> £ 26c ^ £ 27c» ^-^m, ^-71 XU ^oflsl ^-71 XI 2 ^ 

* A>-g-^ ^^-(I03b)^ rt^^* ii#X|7l^r ^7} XI 1 3? X12 <4I«1 XMH XI € 
H^-JH-(201a, 201b)* ^^W. ^71 3H^(103b)* ^ H 0 M3 ^zH><X # 

7l Xll ^ X12 X|<XH ^y.#(207a, 207b)* 
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<105> £ 28* #^>^ ( #7] m ^ *]2 7\] olH 2fl€ ^ti.»(157a ( 157b HI ^l«fl 

^•7] P1fi(105a) ^ ^7] N^(105b) ^Hl <#7] 7\}1 -^Hl^l <#7] 7)}o]B ^^^(121)* *§^tb 
4. ^--S-^l, #^tb *U -M°fl*4 ^tb #U-§: >M-8-*M #7] m ^2 7fl°lH aflti zi-f- 
w*(207a, 207b) vflofl 44 *)U ^ ^12 TlM^ 2fl€«(211n, 211p)* ZL ^54, # 

7] afli ^ *fl2 7flo)H 5fl€#(211n, 211p)^r 44 ^71 £1=^ ^^l-* *1j-*Hr *fll ^ 7fl2 # 
M-*(211n' , 211p')# £W. o)o\] n}-^, # 7 | A ]i ^ *j| 2 l-#^-i:(211n' , 211p')£- 5. 
28°\] S^s} «>sf ^ol -g-^ ^a>^1 ^^Ir-i- 4^-. ^, ^-71 l-#^-#(211n' ) 211p')^ # 

<106> £ 291- ^5}^ , ^"71 afll ^H]54 ^oj*V wJ-^-i-^- Af-g-^H ^"71 B€4^ 

3 °3°4(a) ^ #7] H^^l^Bl oj<* (5) ^<H1 44 7l]olH ^(213) ^ 7)]°} 

S *b^-(215)# ^ $a^8r 7^^4. ^31}-^ ^-71 N^g TflojB ^^-(213) ^ #7l 

TflolH ^(215)£r 44 -M-*f(213') ^ P^ ##^-(215* )# 4tt4. °1 ^-f^l, # 
71 ##^-(213') ^ #7l P^ ##^-(215')^ £ 29^1 5L*\& 40I cr);^ -g-o} 

^ ^« 4^4. ^, ^"71 ##^-*(213' , 215')^ ^L^-g-o. ^>«.s.^cf ^cf. 

<107> ^A)d{}6\] t^eig, ^-7] 4^51 ^^#(131) ^ #71 711 olH 

(213) Aj-olo} 71 311^1 Ei^l- ^t.^1 #±X\zl ^ ojcf. o]fe, ^- 7 i N tg ##^(213' H -g- 

^ TJAI-^I #71 uH-g-olc}-. o}6\] v}^- 7 }x)5L t a o v 7] P *g 7-1^-51 ^^s- (1 3 3) ^ 

#71 P^ 711 OlH ^^"(215) A>Ol^ 71^ TlsflAl^^l- ^7^1 4^^1^ ^ 91^. 

<ios> oi^-oflA-l ^^tb ^ ^-oi ; ^fD^o] =^ ^ €-^4°fl tfltb -^«c v ^ ^4 S^l^l al-el- 

711 °1B ^^-^1 ^-tf^- ^^1*1- HH2f^, <^S1 7JA>^1 HH^^, ES4 



85-40 



1020020062009 2003/9/19 

«V^- ^Hl^] nJ-=£, T" ^Eflo) TllojE ^^-o) s> 

-^1 *fli ^^^1 ^ *1 ^>^i ^-71 g^r TflolH ^H^l *}^°\) 

^11 °3<3iLt} ^2 1-^1- <3*M ^^fVcf. J£*V, ^71 Tflol 

H ^J^H^ S>l^*a°fl o]^*]- ti>£^7l^ &^o\] ZL^£ 1-^1- ^^o] °H 4 

21-, *U <3^2] ^5]^ jL^fa) T^V&oj ^-71 *fi2 *\*S. 

1-^1" ^7l^o] *| * 0 V# ^A]^ ^ olc}. CfA] IJ^IH, cj^^ Jr^ T^&oj 

^ ^ ^^Aj-OlcnV^ ^ ^ ^"71 ^2 ^^S] ^flofl 71^1 

^o\ 7 }*) t # 7 ) <><% p' ^Hfl^ TflolH #^^-g- *fl^*}"& CfpfAl 7 ]#-i- A>-£. 

*M ^tH=K o] ^ofl, ^-71 i^H ^£ »<* T" ^Efl^ TflojB ^ofi N^§ 
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1 3^*3" 11 

#£ (protrusion)* £fe P'^Bfl^ 7)1 o]h ^(insulated reverse 

T-shaped gate electrode); 

#71 P'^Efl^ Tfl^lH #^1 TflolB i nsu iating gate 

spacer) ; 

#71 #71 «^<g^ <g#£ *)U 7^51 lr^# <3^(first low 

concentration impurity region); 

#71 Tflole *}Jf<q ^- 7l ^cg<*o} £ ^o)l ^SjS], #71 *fll ^S. *£■ 

# ^ofl ^^KH #71 *U -gr^-i- <^^^4 ^12 ^# o§<* ; £ 

#7l Tllol^ i^ol^o} ^^^(outer sidewallHl ^l^tr #7l SM^^sl *8<% 

Q JL^S. <$<*^r i^Hr H^^l^E-1. 

[^^J- 2] 

1 %H1 9X<^^\, 

#71 T"^Bfl^ ^olH ^ ^ #71 Afolofl 7fl 711 olH ^<£<3M- Cl £ 

[3^* 3] 

1 ^ 
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1^>5|-^( curing thermal oxide layer)* ^ i^Vsj , #7l tIMb ^|<>Hfe -# 7 1 *1 
4] 

*fl 3 5tl<H>M. 

^"71 711 o]B ^H*! ^ ^-71 *1* I^Vs}-^ A>oHl 7fl ^H*1 >M ^ *1 ^ 

(spacer etch stop layer)-!- ^ i*}-^^ ^* ^Hb S-^ H^^l^Ei . 

[3^* 5] 

1 %H1 sa<^i, 

A oM ##^-^1 ^^]tr H5.5r^ (vertical profile)* 5Hr 3* 4^-5. ^ 

6] 

^1 1 %H1 5a°H, 

^■7] ##^-^1 ^ t^a>^1 HS5l-<a(positive sloped profile)* £tt 3* s. 

[^T 1 * 7] 

*o i ^hi 5a<>H, 

^"71 «IM*^ -g-<^ ^a>^1 HS. sl-^ (negative sloped profile)* 5Hr 3* -Hf- 
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*n i *m sa°H, 

9] 

#7l <S£i B€*1^*H ^ ^ #7l ^51^ S^S^]iEi cg<3 iflofl Z}-Z]- ^1 

g ^2 

<?!#^ *Hl T"^BflS] 7Ho]e ^^-("reverse T"-shaped N-type gate 

electrode) ; 

°i <£#€ ^2 #7l TflolH ^i^-sf -^^1 ^°lt £tt r^Efl^l 

7ll 0 lH ^i^- ("reverse T"-shaped P-type gate electrode); 

#7l m ^ ^ #71 P^ t!1o]e ^s.^- z|zf £^ afli ^ ^12 711 o] 

H ^^OlA^S.; 

#71 7fll ^21 #71 *fll %#<3<*]°1 K ^o\] tg^<£ *U N^§ 7-1 ^£ <g 

^(first N-type low concentration impurity region); 
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<y^^ ^-71 *fll ^^S. ^^^.cf ^|2 N«§ * 

jL^-S. ^i±^ 2.^ Hsa^l^E)# (complementary M0S transistors). 

[^^J- 10] 

XI 9 *<M1 55Z°1^. 

[^T 1 * 11] 

XI 9 %H1 &<>H, 

^-71 afll ^ *fl2 ^*jtr £tt ^ *}^r ^iL 

[^^* 0 1 12] 

XI 9 %H1 
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13] 

*il 9 $a°H, 

[^^J- 14] 

*fl 9 *<H &<>H, 

^•71 711 °1B TflolH &^r, ^7] m 3-^5-5- ^ ^ ^ #7l P 

15] 

^7} Jl^Sl <3<*M ^°i5L f-e^Rr S^I ^ ^ (N-type 

pocket impurity region)^- S.^}^] , #7] NH i3! <8^£r #7l ^12 

^ Aj- 7 ] x| 2 §a^«^ 30. ^ o.^ ^ H^^l^Ei-i-. 

16] 

^-71 *fl2 ^7l *H2 i^ofl tg^ig ^1 P^ 7^51 <^ 

o3 • ml 

3 It^ , ^7) A]2 P^ 7^51 <^«^ 7^5: 
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^^14 Si #7l JL^S. 1-^1- ^Bx} ^B^, #7l *fl2 1-^1- <3<^ 

#7l afll P^ ^^5. <^ #71 P^ Jl^JEL <£<3 A>o]ofl 7fl 7fl ^ ^B 

5. i}^ #B^ £i B^^l^Eil-. 
17] 

#71 %^<3<*-g- ti>S.^]7l^ ^ #6fl 2±^°\ ^ l^^M" *HlB $^*r3L, 

#71 ^ #71 ^-f-^Rr Tll^lB ^ ZL^-ti. (groove)* , #7l 

TflolB sfl€ ^-f-B^r #71 *^<8«?£] ^3^-8: 7l^ #7] iflo|) ojc]^ <3 

#71 #<H] 711 °1B ^<3^M- ^#*|-J1, 

#71 711 o]B Sfl^ ZL^-B iflofl r^HflSl 711 olH #7l T"^Bfl^ 

7fl°lB #71 <a^l^ *fl-?-*r gJL, 

#71 ^ #71 ^T^JI, 

#71 T"^Efl^ TfMH 3fl^^- oj^og D [ ias A}-g-sH #71 *^<8«H 

^T^H #7l SHr-^ #7l ^ ^ ^ <^^^ ^ 

^Hl #71 ##-^-21 4^6fl ol^^V #71 %^<^^^ S ^o)] *J| 2 Z\^5L 
* ^*r£l, #71 ^12 7-l^B #^1- <3<3£r #71 *1]1 7-l^B <^«BCf 
#7l r^Bfl^ TflolB #ofl 711 ^lB ^3)M>H» ^ A ^>i, 
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#71 7)}°)B n& % #71 TllolH ^lol^l- o}£-^<£ Af-g-SH #71 %#<£ 

«W o)£-^ ^<g*H #71 TfloiB ^sM^s} <q^«Hl ^tr #71 %#<g<3^ s. 

-31^-£ <^-§: ^*Kr 3 5L^Kr 5.^ H^l^E^ ^lS^. 

13^*8- 18] 

*fl 17 %H1 5a°H, 

#7l 3H^£r 100A vfl^l 300 A 51 ^#*l-fe- #^^.5. S^^li 

19] 

*fl 18 %H1 

#71 TflolB 2fl^ ZL^-W.# ^#*Hr 

#71 sflE^^H ^>7l ^^^Sr ofl«l Til o] E nflH^ ^ijL 

JEL (preliminary gate patern groove)-!- ^§#*}jl, 

#71 ^«<H§ ^l^H #71 vflofl ^31*1 ^ H^s}-^ ^v- 

*§#SHr ^ X^SRr 53^- H^fl^l^E^ ^2:^. 

20] 

*i 19 *cHi sh^i. 

#71 T"^Bfl2l TflolH sfl^^- ^#*Hf- 

#71 711 olH 5Hr ti>i^l7l^ ^ #<H1 #71 T^E afl^ ZL-f-W.# 5fl-f^- 
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^7} ^-a-T^ol #7] ?]£tHB tiV^^l^ ^SH^H >^-7l 

21] 

*l 18 *<H1 &<H*1, 

A o V 7l SflE^SH ^7] -§-^^ 

^7} n^n ^-71 ^ohi- ^ Dfias av-s-sh ^-71 *iz^> 

^ #7l ^ ^#A]7l^ ^U] 711 o]E *fl€ ^^Jl, 

22] 

*ll 21 %H1 sa^H-H , 

^-71 »<* T'^Efl^ 7)] o]E 3fl ^*Rr 

^"71 711 olH ^^fr ^ ^£^71^:^ ^-ol] #71 711 °1H ^fl^-fe 

?i£HB wjri^l^-i- ^^^1-Ji, 
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[%^^ 231 

^ 18 %H1 

B^*l #7l iflS] Aj- 7 j ^-71 

^•71 H^l^l «>S.^l7l^ ^ -^ 0 H1 ^5flol^ 

^*>^, 

^71 ^3fl°H #71 B3!*l ^ Aj-ofl E^l 

*1 ^H^* ^AHl ^cgc*^ 71^ TflolH ^ 

^"71 ^#^1 ^H^^T ^ y o V ^ ^2|*H ^71 tflofl ^ *S.3\-<£^ 

24] 

23 1M1 91°]*), 
^■7} "<*> T'^Bfl^ Tfl ol 3 ^*H=r ?A£r 
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#7] 7])o)^ ^ *V5l%}7]&$\ ^ #ofl Tfloje sfl^ ZL-^ti.# *fl-*Hr 

25] 

17 %H1 Sl^^i, 

A oM 100 ^*Rr ^ H^l^^l 

[^^* 26] 

^1 25 5^1, 

#7l SflE^^ ^^^^-1: ^tJl Til o]E Sfllg zlS. 

.^(preliminary gate patern groove)^ ^-^^>Jl, 

[^t 1 * 27] 

*fl 26 %H] 91°]*], 
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^■7) TIME ^B^g- ti_V£^7l^ ^ #ofl ^-7} T^E sflig ZL^-a.* *fl-f^- 

28] 

25 &<H^, 

^-71 tfofl 7fl ^-g" ^^V^, 

^"71 7fl^^ sflE^^H #7] r±^<^* 71 ^ B3fl*l ^^-i- ^^^1- 

^•71 H^l^l ^ ^Hl JE^l^l i3fl°H« ^^^ji, 

°i ^"71 ^-#^-Sl ii#Al7l^ til TflolB ^ ^^sr>Jl, 

4>7l ^"71 iflofl 4^5] # ^ HS^^r 

29] 

^ 28 ^1 

^"71 T-^Eflo} TflolH afl^^ 3^ 
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A oM #^3] W^ol ii#^nfl^l #7] o]£4-HB »j£^-f, ^>7l 7fl3§^ g #7) 
iJEl|o]A-l5 ^B}-5)-Al 7H ^"71 Tflom 3fl^l vfM TIME 3fl ^i-g- ^ 

30] 

*fl 25 ^Hl 

^71 TflolB ^*Kr ^JA 

^"71 7fl^ ^ #7] ^Z^M 5H^^ ^ >S-7l v|H 

^7] <8^-§: ^ ^H^l7l^ #13 <#d\] ^SL^ ^sj-g- 

85-53 



1020020062009 %^ 2003/9/19 

\H=f-*b 31] 

A 30 %H1 sa°H, 

#7l r^Bfl^ TflojE ^*Hr 

#7l TflolB ^^^-i: £fe tiV£^7l^ ^ #ofl ^-71 Tfl o]H 3flBl jfl-ffe 

#?1 #^©1 lc#^nD^l #7l ^SL-fHS #71 7fl^§B]- * # 7 ] 

32] 

XI 17 *<H1 5&°H, 

#7l SH^^r 300 500 A ^ ^$SL3, *}±r S.^ H^fl 

33] 

XI 32 %H1 &<>H. 

#71 TflolH 2fl€ ^if l^sfe 

(preliminary gate patern groove)-!- ^^§>jl, 

#71 *JzJ-*M #71 «-^<3^ ^ojcd^g. 2x.#Al7lfe ^c-1^ 

^*Rr 3* 5^*1-5), #71 ^C-l^ ^A>^1 ^^-5)-^* 33* 
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34] 

^ 33 %H1 

^-71 711 °1B €^1^-* ti>£.^7l^hSl ^ ^Hl ^-71 TflolE afl^ ZL^^# *fl-f^ 

^-71 ^-^o] ^#^xcll^l ^-7] o^-fse aV £ ^^ Sg^A]^ ^"71 

[3^8- 35] 

32 %H] 

A o V 7l 711 o]H *§^*Rr 3^ 

A o V 7l 711^^ ^flEi^^H #71 ^^^^-8- ^#7-1 7]^ B^l^l ^^^1- 

— > 

°i ^71 ^cgcrf-j. ^.#7,1 7l ^ oflti] TflolB 2fl^d ^JL* 

^-71 3i~§^# ^«o^ ^7l ^ ^ Si ^cg^^. 7]i=. oid^ 
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[3^8- 36] 

*H 35 

^•71 ^^o) ^#^aH^) ^1-7) ^£i£B ^, ^7l 7fl^§^ ^ ^1-71 

[3^* 37] 

^1 32 sa<H^, 

^-71 7fl^§^- ^ #7] Mr^n^r <&^°-3, >8-7l 7fl^§^- ^ ^"71 #^^V vflofl 

H^l^l <g>£*}£|, ^71 ifl^l ^-71 H^l^l ^"71 #^5|«1 ^7?\)& 

A o v 7l S^^l ^-g- £fe te^l7l^:^ ^ #°fl eitt <=>1 

A o V 7l ^ ^7] ^-^SV-i- <S^^^-S. ^^5r>Oc[ ^7) e^*] c^^oj 

#<H| H3!*l ^311^1 Ail- *§^^|- ^-71 3H^<i) ^^<* o. ^#a]71^ ^al 711 °1H 
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A oM ^^v* #?1 «r-8<8^ i^^* ^#Al^l^ 

^* ^*Rr 53* it^ , #71 <acm °<J=3 ^ li^t £fe 53* 

itt*8r 38] 

*(l 37 SU^H, 

#7l »*j p'^Bfl^ 711 o]H n^=r *§s$z>}±r 

#7l TflolH £<8.^& 5>^r «VH^7l^ ^ ^H] #7l TflolH Sfl^i *fl-*Hr 
%^$\ W^l #71 ^E^HB ^JE^M, #71 7fl^B]- * ^-71 

#*Rr 53* ^* ^^AS ^ £i B^liEiS] afla^. 

39] 

*fl 17 %H] 9X*\*\, 

#71 TfloiB i$H°Hl- <g^^7l 3H1, 

#71 *U * *j|2 T^SL 1-^1- <^-&* ^ a>£^7l^ #ofl *1* 1#3^* 

^#*Rr 53* c-1 i^Sl, #71 *1* #71 tIMB *MI<>H* ^*Kr ^-9} # 

^i^l^- ^* *}*r 53* ^ H^l^sl ^is^. 

l^^-Q 40] 

17 %H1 A 1 , 
#71 Tfl °1B ^all ol 7^ ^#^>7l ^ofl, 
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#7l afll ^ A2 «8^1~a- ^ «V£*)l7l^:^ ^ #o{| a] o. <gA>sl-^ 
^#*}jl, 

#71 ^l-fr I^S^ -S-ofl i^flolAi ^Z^^-fr ^*Hr C-l i^S), #71 i3H 

41] 

17 ^1 

#7l 711 ©IB ^H^l #OjLi3 ^ #7l JL^iE c$<*2] &^ ±.<$X\7]3L, 

#71 TflolB 2fl€ £ #71 JI-^JE #ofl ^BH^ ^ 

42] 

<&3.^ <^<* §J 3£]s.i H^^l^Bl ^ aV£^ll7l^r# ^wls>Ji, 

#71 «Ei H^^l^Bl <^ ^ #71 3r)Si H^^l^Ei ^^ofl Z}-Z}- %#Cg« 
#71 afll ^ ^12 #^^^1"* 5.^)7)$:°] ^ #of| * *HlS. 

#71 ^ #71 *fll ^ ^12 711 °1H 3fl^l Zl^-ti.*^- ^#^>5l, 

#71 g *fl2 711 °1B ZL^-ti.*^- Z^Zj- #71 ^1 ^ ^12 SH^^l-g- ^#^71^^^ # 

71 tflofl ^Cl^ <8^^ #51, 

#71 *fll g 42 %^<8^# #ofl TllolH ^ej-g. tg^Sj-jL, 
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7} afll ^ ^12 TllolH 3fl€ ^ ^11 ^ ^]2 T"^b]]^ <a£-f£E 

^^11-^ #7l TlU ^ 7fl2 TlHB Bfl^ll-^r 4^ #71 <^^1-^- ^fl-f 

^ ^11 ^ 7fl2 5>JL, 

#7] ^ #71 *fl7l*l-J!, 

#71 Tfll 711 °1H $\QSr o^^og nj. iaS A>-§-^>c^ ^-71 7fl 1 %^^^ofl -g-^-g. 

^^•H ^^-i: ^ A H1 #71 ^11 ##^^1 ^tfofl ol^^j. ^V 7 1 %7^<*o} 

S^^l ^12 7^51 <g<*o. aV 7 ) ^ 2 #71 ^lll 

#71 7112 711 olH ^^i-a- °}-&^<£ 4^3S A}-g-*M #7l *Q 2 ^cgctfofl pt§ 
^i^^AS. #7l 7)12 *>^-2l #71 7112 %^<^^^1 g_#d)) 

T^JE o§^-g- ^^^-4 ^Ajofl ^-71 7)11 ^^ofl ol^tb #71 7112 %^^^51 

£^1 7112 *\^SL 1-^1- <3<*j,§- ^-^^£1, #71 7112 *1*3E. c^^o. ^-7] ^! 

x\^5L Sal, 

#71 Till ^ 7112 Tllol^ 3fl^#^ #<H1 ^ 71U ^ 7112 TllolE ^HilojA-l-i-g- 

#71 TlU Tfl °1B. 4 € ^ #71 Till 711 olH ^H*l» °l-&^ 0 d "liHS ^>-g-sr>^ #71 
71U #^^^<H1 ol-Sr#^: ^^^^.S. ^<y*H #71 TlU TflolE ^lol^ol <^tfl 

°H #71 TlU %^Cg£jo} K T^6\] N ^ J7^ £ <%<*\^r *$*$-5}51, 
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#7l 42 7\}o}^ Sfl^ ^ #7l A]2 7lM;e ^^ojAil- oj^oj v}^3_^ AV-g-^V^ 
^12 SH^^M °l^r** ^EJj^] 0.5. ^s}^ #7l ^2 TflolH ^M^o} ^ 

#7l ^12 ^ ^ ^ a^cH] pig JL^J£ lr^# <^-8r ^*Rr ^ i^Hr 

[3^8" 43] 

*)1 42 %H1 SH*!, 

#7l ^ #71 ^B^g- AA ^A 31 l^to ^*Rr 

44] 

42 %H1 5^*1, 

#71 *fll ^ ^12 TflolH sfllilr^- -a^-fHH ^*Rr 

*Rr #iL^ 2.^ H^H^l^E-l-i-^ ^1S«J-^. 
[^T 1 ^- 45] 

*fl 42 *J-ofl ojolA^, 

#7] #^51- * #71 Sj-^-g; ^T^l *H1 , 

#71 afll TflolH sfl^i vfl°fl N^g -&^-§- Ol^r** ^^5. ^Sl-JL, 
#71 °l-gr^^l ^oiB sflei-g: ^i^H #71 *fll 7\)o)^ sfll^ #71 N^el 1- 
^1^-1-S ^H^Ml JE-^Al^ ^AHl #71 afll TflolH 2fl€ vflfi] ol^-oj ^#( io n 
implantation damage)* *l-fi-£|-^(cure) el 3^ #J±^ S-i H 
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46] 

*fl 45 ^ofl &o^ f 

^-71 ol-8rl-& °] °l-8r# (phosphorous ions)°l 3^§- ^J±*j 

47] 

45 %H1 5a°H, 
48] 

*H 45 5tM*1, 

#7] #4? -^^^r 900 °C tfl^l 1200°C^ ^ ^^Hr ^-fr ^ A 

[^T^ 49] 

*fl 45 %H1 9X^^\, 

^7} #4* <£x\z) 7>i# ^7] 7>^S A>-g-^cx) ^A]^ ^J-g- ^lo^ 

50] 

42 $-ofl &<>H, 

^"71 *fll ^ ^12 7]]olH rii^olA^^- *$^f>} 7 ] &o\], 
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#7l afil 5? *fl2 X\*5. <3°4€-^ tiV^]7l^ ^ #*fl <1#5}- 

$-$*Hr 3* cl 5E^*>S1, #7] #7) TflolH *§^*Hr 

51] 

^1 42 %H1 5&<>H, 

#7l *fll ^ *112 TflolH i^olAii-^ t§#S>7l *H1, 

#71 2111 ^ 2112 *\^5. 1-^1- oj^l-i- ^ *>5I*ll 71^21 ^ #ofl *]°. ojAVsJ. 

#71 1^3^ #ofl i5llo"M #^7^1^ ^#*Rr 3}^ cl i^>£), ^-71 i^fl 

°H ^^7^1^ ^-71 t^I olH ^^olxi-i-oll nfl^a} ^Zj-A]E!|ylS- £i=- ^nVc^ ^#*Kr 

[^^8- 52] 

^11 42 9X*\*\, 

#7l 211 1 ^ *ll2 711 olB sfl^l:^ # J f I 3 ) #71 JL^-SL ^ # 

71 P^ Jl^-S. <3<^ S^* ^#Al7lJl, 

#71 TflolH 3)1 ^ #7l iL#£ ZL^JE ojo3 # ^-ofl A}Bfl3_OH =-4? 

^a\o]?e.^ ^#*Kr ^ c-1 H^-*Kr ^-i- ^ S.^ H€^1^&)0) ^ S w 0 v^. 

53] 
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#7l <$\3L^z E^liEi ^ ^"71 2)3.^ B^l^ <3<*jofl Zj-Z}- ^cgo^ ^ 

Xl2 *^<3^* ^*>uL, 

#71 X| 1 g XI 2 *M§<8^** ££r ^>£Xl7l^;^ ^ #o]l g 

#71 * #71 ^f-*Rr XI 1 ^ XI 2 XHB sfl^ ZL^a^ *%^?>}S\, 

#71 X] 1 ^ XI 2 XHB XHH H^-W.#^r ^ #71 XI 1 ^ XI 2 ii#Al7lja, 
#7l XU ^ X12 #ofl Tfl^lB ^*}JL, 

#71 XU £ XI 2 XHB sflU tflofl zj-z}- *m X)2 'S^HB XMB sfl€ 

#71 XI 1 ^3£^H 711 °1B iflofl lr^# ol^-s-o. -og^ ZL) 

#71 °i£.^om XU 'Ss-fs.s XMb 4^^- #71 XU <d.£-fBB XI <X 

B Xl^* #71 <X£r#B ^o^ t}7]] #7l XU <a£-f£H XI <X 

b *n€ iflsi oi^<y ^## ^i^ji, 

3<XB #71 -i-^^ XlTl^ ^ B^rRr #J±^ £i B^^l^Bl-i-fil XlS#^ . 

[^^^ 54] 

XI 53 ^1 , 

#71 ^ #71 ZJ-Z}- #3^ £ ^ *Rr ^ ^ 

^ #J£^ H^H^l^E^Sl Xl^^^. 
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55] 

53 sa<H>H, 

^71 afll £ ^12 TllolH sflU ^ o_Vi^7l^ ^ Aj-ofl ^-71 *Ql ^ X|2 

56] 

^ 53 *ofl Sl<H^, 
57] 

*fl 56 *<fl S^i, 

A c v 7l #4* I^S] 900 °C vfl^l 1200 °C$) ifl^H *3Al*Kr ^ ^-^ A 

58] 

*fl 56 &<>H, 

#71 #4* *J4l 7>i» 7>^S. A>-g-*H ^A]^ ^ 
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[3^* 59] 

*0 53 ^Hl SU^i, 

^"71 ^SHr 3^ ^ ^zJ-g-o« (wet et chant *}-%-*}<^ -g^l^Hr ^ ^ 

l^^J; 60] 

^1 53 5^1, 
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